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DYNAMIC PLAYOUT BUFFER FOR
DISPARATE LIVE MEDIA OUTPUT STREAM

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

This patent application claims priority to, and the benefit
of U.S. Provisional Application Ser. No. 62/898,582, filed on
Sep. 11, 2019, and 1s a Continuation-in-part of U.S. patent
application Ser. No. 16/234,870, filed on Dec. 28, 2018,
which claims priority to and the benefit from U.S. Provi-
sional Application Ser. No. 62/699,131, filed Jul. 17, 2018,
and which 1s a continuation-in-part of U.S. patent applica-
tion Ser. No. 15/396,473, filed on Dec. 31, 2016.

This application also makes reference to:

U.S. application Ser. No. 16/229,310, filed on Dec. 21, 2018;
U.S. application Ser. No. 16/229,497, filed on Dec. 28, 2018;
U.S. application Ser. No. 16/229,614, filed on Dec. 21, 2018;
U.S. application Ser. No. 16/235,4435, filed on Dec. 28, 2018;
U.S. application Ser. No. 16/236,673, filed on Dec. 31, 2018;

and
U.S. application Ser. No. 17/016,789, filed on Sep. 10, 2020;
U.S. application Ser. No. 17/017,052, filed on Sep. 10, 2020;
and
U.S. application Ser. No. 17/017,241, filed on Sep. 10, 2020.

Each of the above referenced patent applications is hereby
incorporated herein by reference 1n 1ts entirety.

FIELD OF TECHNOLOGY

Certain embodiments of the disclosure relate to a televi-
sion content packaging and distribution system. More spe-
cifically, certain embodiments of the disclosure relate to a
method and system for publishing a disparate per-client live
media output stream based on dynamic insertion of targeted
non-programming content and customized programming,
content, and for providing a dynamic playout bufler for
disparate live media output stream.

BACKGROUND

Recent advancements 1n the field of television content
packaging and distribution systems have led to a massive
development of numerous technologies and broadcasting
platforms that are revolutiomzing the way consumer devices
access and playout media content. Usually, broadcasting
platforms refer to the types of networks that are used to
deliver the media content to the consumers. Currently, the
broadcasting platforms, such as analog terrestrial broadcast,
digital terrestrial broadcast, direct-to-home satellite broad-
cast, cable, Internet Protocol (IP), and over-the-top televi-
sion (OTT), compete and strive to increase their appeal by
gaining and retaining the audience viewing the media con-
tent.

Modern streaming protocols, such as HI'TP Live Stream-
ing (HLS) and Dynamic Adaptive Streaming over HT'TP

(DASH), are implemented to support streaming of various
live content services, such as DIRECTV NOW>™_ SLING

TV™™ and PLAYSTAYION™ VUE, to consumer devices.
Due to dissemination of such modern streaming protocols 1n
the television, radio, and broadcasting sector, 1t 1s evident
that the success of broadcasting will be dependent on the
ability of the network provider to gain access to the content
that consumers demand, and to diflerentiate their oflering
from that of mmcumbent broadcasters or find breakthrough
modes of media content delivery. Typically, such modern
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streaming protocols require that a playout butler for a live
media output stream 1s definite and unchanging, so that a
media player at a client device can suitably create rules,
based on which media segments are fetched, builered, and
played out.

Existing systems for Server-Side Ad Insertion (SSAI)
support live streaming and make decisions to insert non-
programming content in near real-time. However, for On-
Demand streaming, such decisions to msert non-programing
content are made upiront. Accordingly, amount of control
the user can excerpt to influence what non-programming
content 1s shown may get limited.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skall
in the art, through comparison of such systems with some
aspects of the present disclosure as set forth 1n the remainder
of the present application with reference to the drawings.

BRIEF SUMMARY OF THE DISCLOSURE

Systems and/or methods are provided for publishing a
disparate per-client live media output stream based on
dynamic insertion of targeted non-programming content and
customized programming content, and for providing a
dynamic playout bufller for disparate live media output
stream, substantially as shown in and/or described 1n con-
nection with at least one of the figures, as set forth more
completely 1n the claims.

These and other advantages, aspects and novel features of
the present disclosure, as well as details of an illustrated
embodiment thereof, will be more ftully understood from the
tollowing description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1A 1s a block diagram that illustrates an exemplary
system for publishing a disparate per-client live media
output stream based on dynamic insertion of targeted non-
programming content and customized programming con-
tent, and for providing a dynamic playout bufler for a
disparate live media output stream, 1n accordance with
exemplary embodiments of the disclosure.

FIG. 1B 1s a block diagram that illustrates an exemplary
dynamic ad/content insertion system (DACIS) for publish-
ing a disparate per-client live media output stream based on
dynamic 1nsertion of targeted non-programming content and
customized programming content, and for providing a
dynamic playout bufler for a disparate live media output
stream, 1n accordance with exemplary embodiments of the
disclosure.

FIG. 2 1llustrates segmentation of live input streams and
pre-encoded media assets for a first programming schedule
for publishing a disparate per-client live media output
stream based on dynamic insertion of targeted non-program-
ming content and customized programming content by the
DACIS of FIG. 1B, and for providing a dynamic playout
bufler for a disparate live media output stream, 1 accor-
dance with exemplary embodiments of the disclosure.

FIG. 3 illustrates an exemplary scenario associated with
publishing a disparate live media output stream by the
DACIS of FIG. 1B, 1 accordance with an exemplary
embodiment of the disclosure.

FIGS. 4A to 4D collectively depict a flowchart illustrating
exemplary operations for publishing a disparate per-client
live media output stream based on dynamic insertion of
targeted non-programming content and customized pro-
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gramming content by the DACIS of FIG. 1B, 1n accordance
with an exemplary embodiment of the disclosure.

FIG. 5 1s a conceptual diagram illustrating an example of
a hardware implementation for the DACIS employing a
processing system for publishing a disparate per-client live
media output stream based on dynamic insertion of targeted
non-programming content and customized programming,
content, and for providing a dynamic playout buller for a
disparate live media output stream, in accordance with
exemplary embodiments of the disclosure.

FIGS. 6A and 6B collectively depict a flowchart 1llustrat-
ing exemplary operations for providing a dynamic playout
butler for a disparate live media output stream by the DACIS
of FIG. 1B, in accordance with an exemplary embodiment of
the disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

Certain embodiments of the disclosure may be found 1n a
method and system for publishing a disparate per-client live
media output stream based on dynamic insertion of targeted
non-programming content and customized programming
content, and for providing a dynamic playout bufler for a
disparate live media output stream. Various embodiments of
the disclosure provide a method and system that not only
provide live channel ofl

erings 1n a cost-effective manner but
also provide enhanced, intelligent, and personalized viewer
experience to increase their appeal by retaining the audience
viewing the media content.

Modern streaming protocols, such as HLS and DASH,
break media content into numerous small media content
segments, typically less than 10 seconds in length. Further,
the modern streaming protocols implement manifests that
instruct a media player on what media content segment to
retrieve and play next. The manifest may enlist the media
segments that make up the full length of the media asset. The
manifest may include information, based on which the
media player at a consumer device may be able to determine
the media segments. The mamiest and/or media content
segment may also include and/or specily additional infor-
mation to facilitate a media player to transition smoothly
between media content streams from different sources. The
manifest may be used for creating a playlist of multiple
media content files, or for mterrupting media content with

advertising and then resuming the media content.

Such modern streaming protocols support video-on-de-
mand (VOD) assets and live content as well. The VOD
assets prepared for distribution, for example Internet distri-
bution, may have a sequence of short duration segments
added to a manifest. The short duration segments may be
separate physical files or pointers (real or to be calculated)
to the short media content segments 1nside a larger file. On
the other hand, 1n case of live content, new short content
media segments are made available as soon as they are
created. In some protocols, each new segment 1s added to a
manifest while 1n others the media player 1s provided with
information that may be utilized to calculate what the next
live segment will be. In the latter case, a signal 1n the media
content 1tsellf may be utilized to inform the player when to
re-mnspect or check the manifest for a change 1n media
content. In live streaming, delivery of live content i1s sup-
ported by making available each new short media content
segments as soon as such media content segments are
generated. In some protocols, new media content segments
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may be added to the manifest, while 1n others, the media
player calculates necessary information about the next live
media content segments.

Further, in live streaming, a manifest 1s published that
represents an index of media segments to be played/con-
sumed by a client device. As a live stream has no definable
end, 1t may not be possible for such imndex to point to all past
and future media segments. As media segments are pub-
lished and/or played, the oldest media segment 1s removed,
a new media segment appended to the index, and thus, a
moving playout buller or a live window of the media
segments 1s created. Typically, such modern streaming pro-
tocols require that the playout buil

er for a live media output
stream 1s definite and unchanging, so that a media player at

a client device can suitably create rules, based on which
media segments are fetched, buill

ered, and played out.

In accordance with various embodiments of the disclo-
sure, a system 1s provided for publishing a disparate per-
client live media output stream based on dynamic insertion
of targeted non-programming content and customized pro-
gramming content. One or more processors in the system
may be configured to receive a first manifest request from a
first client device, wherein the first manifest request com-
prises one or more parameters. The one or more processors
in the system may be further configured to determine a first
additional content that comprises a customized {first pro-
gramming content and a targeted first non-programming
content for the first client device based on the one or more
parameters and the associated indexed metadata. The one or
more processors 1n the system may be further configured to
generate a first programming schedule for the first client
device based on the selected one or more live mput streams
and/or the one or more pre-encoded media assets, the
assoclated indexed metadata, and the determined first addi-
tional content. Accordingly, one or more live input stream
manifests and/or one or more pre-encoded media asset
manifests published 1n a content delivery network and
associated indexed metadata may be selected based on the
one or more parameters. The one or more processors in the
system may be further configured to publish a first disparate
live media output stream manifest for the first client device
based on insertion of the selected one or more live 111put
stream manifests and/or the one or more pre-encoded media
asset manifests, the associated indexed metadata, and the
determined first additional content in accordance with the
first programming schedule generated for the first client
device.

In accordance with another aspect of the disclosure, a
system 1s provided for publishing a first programming
schedule that may reference at least one or more pre-
encoded media assets and/or one or more live input streams.
The first programming schedule may comprise one or more
playout buller features enabled via one or more constraints
and rights. Fach playout bufler feature of the one or more
playout buller features may be associated with a correspond-
ing number of media segments that may represent the one or
more pre-encoded media assets and/or one or more live
iput streams. A request may be received that comprises at
least a stream 1dentifier and at least an additional parameter.
In accordance with a playout bufler feature from the one or
more playout bufler features and at least the additional
parameter, manifest data and indexed metadata of one or
more media segments associated with the stream 1dentifier
may be inserted to a first disparate live media output stream
mamifest. Accordingly, a first disparate live media output
stream may be generated.




US 11,477,254 B2

S

FIG. 1A 1s a block diagram that illustrates an exemplary
system for publishing a disparate per-client live media
output stream based on dynamic insertion of targeted non-
programming content and customized programming con-
tent, and for providing a dynamic playout bufler for dispa-
rate live media output stream, 1n accordance with exemplary
embodiments of the disclosure. Referring to FIG. 1A, the
system 100, comprises a media packaging and distribution
system 102 that 1s communicatively coupled to published
data sources 104a, . . . , 104n, Ad decisioning servers

106qa, . . ., 1062, via a network 108 and/or other program-
matic means. There are shown consumer devices
110a, . . . , 1107 that are communicatively coupled to the

network 108. The media packaging and distribution system
102 may comprise at least a DACIS 103, a Content Deci-
sioning Service (CDS) 105, a Content Packaging and Dis-
tribution System (CPDS) 107, a stream selection service
142, and a repository of schedules, rights, and user prefer-
ences database 144. There are also shown source devices
118 commumnicatively coupled to the media packaging and
distribution system 102 through the network 108. An exter-
nal data source 120 1s also provided, which 1s communica-
tively coupled to the media packaging and distribution
system 102 through the network 108.

The media packaging and distribution system 102 may
comprise suitable logic, circuitry, and interfaces that may be
configured to execute code that handles media content
comprising audio, video, images, metadata, manifests, and/
or other data (embedded and/or externally referenced). The
media content may include a video, an audio, a combination
of audio and video presentations, and/or embedded or exter-
nally referenced metadata, a combination of multiple-audio,
multiple-video, and/or embedded or externally referenced
metadata. Accordingly, the media packaging and distribu-
tion system 102 publishes a disparate per-client live media
output stream based on dynamic insertion of targeted non-
programming content and customized programming con-
tent.

In this regard, the media packaging and distribution
system 102 may provide video programming services to
viewers, usually for a subscription fee (such as pay televi-
sion). The media packaging and distribution system 102 also
handles distribution, for example, multicasting, unicasting,
broadcasting, streaming, for one or more channels to be
viewed on one or more of the plurality of consumer devices
110a, . . ., 110z

The media packaging and distribution system 102 may be
operated by an entity related to handling or distribution of
media content, for example, a broadcast provider or opera-
tor, or a network provider or network operator. The entity
related to handling or distribution of media content may also
be referred to as a content owner, a distributor, a syndicator,
a re-distributor, a content aggregator, a search, discovery, or
cataloging service provider, or any other entity actively or
passively involved with the distribution, cataloging, or ref-
erencing of complete or partial presentations of media
content. Throughout this document, the terms broadcast
provider or broadcast operator, and network provider or
network operator may be utilized to refer to the entity related
to handling or distribution of media content, interchange-
ably. The broadcast provider may handle a single channel or
a plurality of channels, or one or more networks. The
broadcast provider may be configured to distribute content
via one or more platiorms, for example, traditional over-
the-air broadcast channels, radio, cable television networks,
satellite communication networks, the Internet, and/or other
content delivery networks (CDNs). In this regard, the broad-
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cast provider may be configured to execute code that com-
municates linear video feeds (also referred to as a network
television feed or broadcast feed) to the media packaging
and distribution system 102. In a broadcast chain, the
broadcast provider may recerve actual content, for example,
from a production studio, 1n one or more source formats.
Examples of the one or more source formats may include,
but are not limited to a tape file, or a live feed that may be
turther converted to a serial digital interface (SDI) video
interface and/or on a high-defimtion SDI (HD-SDI) video
interface for processing and playout. The broadcast provider
may further process the content, such as insertion of graph-
ics, closed captions, preparation of programming schedule,
insertion of triggers, and the like, and provide final delivery
by a broadcasting apparatus. The communicated linear video
feed and the playout schedule may correspond to a channel,
such as CNN channel that 1s broadcast to the media pack-
aging and distribution system 102, via a communication
network. The linear video feed may be broadcasted as a
multi-program transport stream (MPTS) (also referred to as
a live video feed) to the media packaging and distribution
system 102, via the network 108. The broadcast provider
may be owned by (or associated to) a broadcast provider or
operator, a network provider or operator, or a content
provider or operator.

The media packaging and distribution system 102 may
receive the MPTS, which includes the signaling content and
metadata, from the broadcast provider based on, for
example, current society of cable telecommunication engi-
neers (SCTE) standards (SCTE-35 and SCTE-224) to con-
trol web and regional blackouts, network end of day switch-
ing, and advertisement insertion. For example, the media
packaging and distribution system 102 may be signaled for
vartous blackout types with in-band SCTE-35 message.
Further, the media packaging and distribution system 102
may receive program metadata that specifies certain events
or operations, such as, for example, when to blackout shows.
Examples of legacy distribution system that may be ben-
efitted from the media packaging and distribution system
102 may include direct-broadcast satellite (DBS) providers,
cable television (CATV) systems, and other wireline video
providers and competitive local exchange carriers (CLECs)
using, for example, IPTV.

The DACIS 103 may comprise suitable logic, circuitry,
and 1nterfaces that may be configured to leverage one-to-one
scale of traditional SSAI systems to support custom pro-
gramming content choices and not just targeted non-pro-
gramming content. For example when the user selects to join
a live stream, a content decisioning system, such as the CDS
105 could determine that, instead of joining the live stream
for the last few minutes of a program prior to the start of the
intended program, the user should instead be shown content
more relevant to the user so as to prevent them from tuning
away, €.g. show a personalized set of basketball highlights
and ads to a user who likely joined the stream to watch a
basketball game that 1s coming on next. The DACIS 103
replaces original content in the live stream prior to game
start with user relevant content, such that upon 1ts conclu-
s1on, the user 1s seamlessly presented the game.

The DACIS 103 may be further configured to, via a
programming schedule or tag indicator in a disparate live
media output stream manifest, be notified of one or more
content graphical treatment opportunities within the media
content. The DACIS 103 may be further configured to make
required non-programming content calls on behalf of the
plurality of consumer devices 110q, . . ., 1102. Accordingly,
the DACIS 103 may provide the plurality of consumer
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devices 110aq, . . ., 110z with information needed to execute
the graphical treatment graphical content via a secure out-

of-band channel between the DACIS 103 and the plurality of
consumer devices 110a, . . ., 110#%. In accordance with an
embodiment, the DACIS 103 may be configured to include
not showing non-programming content that a user of a
consumer device may elected to skip or rated poorly 1n an
carlier non-programming content break. Further, the DACIS
103 may enable the user to skip non-programming content
as the user interacted with a previous non-programming
content or made a purchase and the advertiser elected to
sponsor the remainder of the programming content.

In accordance with an embodiment, the DACIS 103 may
be configured to provide seamless failover between redun-
dant disparate live media output streams for large events,
thus improving reliability. In certain instances, some of the
plurality of consumer devices 110q, . . ., 1107z may support
a primary and backup disparate live media output streams
and are able to fail between them. In other instances, others
of the plurality of consumer devices 110qa, . . . , 1102 may
not support the primary and backup disparate live media
output streams. In such instances, the consumer devices may

attempt to join an alternative disparate live media output
stream after occurrence of an event such as a device failure

or crash. For such consumer devices, the DACIS 103 may be
configured to monitor both the primary and backup disparate
live media output streams, and 1f there 1s a failure, write the
alternative disparate live media output stream into the dis-
parate live media output stream manifest.

Each of the plurality of published data sources
104q, . . ., 104z may be coupled to one or more television
networks and may comprise suitable logic, circuitry, and
interfaces that may be configured to execute code that
provides actual audiences for programs that were distrib-

uted. As illustrated 1n FIG. 1A, the plurality of published
data sources

104a, . . ., 104n are coupled to the media packaging and
distribution system 102 via the network 108 and configured
to monitor audience drift to or away from a tuned channel
airing a live media output stream. The plurality of published
data sources 104q, . . . , 104» may provide actual audiences
for programs to the indexing and storage system 116. An
exemplary published data source may be Nielsen. Nielsen
has the capability to determine when a viewer watches the
same set of media items, for example, advertisements and/or
promotional content, 1n programming data, such as an
episode, 1n a live video feed within 3 days of original airing,
and provide Nielsen “C3” credit. Another exemplary pub-
lished data source may be a published database that provides
ratings for a media 1tem, such as gross rating point (GRP).
The GRP 1s advertising or promotion impact measure for
cach advertising and/or promotional campaigns, known 1n
the art. Other exemplary published data sources may also
include direct/indirect access to other public or private data
sources (persistent or ephemeral) through programmatic
means.

The CDS 105 may comprise suitable logic, circuitry, and
interfaces that may be configured to determine, upon
request, which programming content (or partial program-
ming content) to deliver back to the plurality of consumer
devices 110a, . . . , 110%. Thus, the CDS 105 may be
configured to insert additional content (including non-pro-
gramming content) or replace existing content, according to
one or more parameters provided by the plurality of con-
sumer devices 110qa, . . . , 1107 and data stored 1n various
external systems and/or databases.

The Ad decisioning servers 106aq, . . ., 1062 may comprise
suitable logic, circuitry, and interfaces that may be config-
ured to mmplement at least an advertisement decisioning

10

15

20

25

30

35

40

45

50

55

60

65

8

component that may be used during a real-time content or
advertisement placement activity, for example during
dynamic ad 1nsertion. The Ad decisioning servers
106qa, . . ., 1067 may further determine ad-load opportunity,
based on targeting data from schedules, rights, and user
preferences database.

For example, commercial or non-commercial advertise-
ments may be dynamically inserted within program seg-
ments of the live mput streams based on the detected
upcoming indicator, such as an ibound trigger, a signaling
point, and/or a signal in a pre-encoded media asset and/or a
live 1input stream by the Ad decisioning servers 106aq, . . .,
106x.

In an embodiment, the DACIS 103 may be generalized as
a proxy between the plurality of consumer devices
110qa, . , 1102 and the Ad decisioning servers
106qa, . . . , 106%. In one implementation, a request 1s sent
from a consumer device to the DACIS 103. The DACIS 10
may call on of the Ad decisioning servers 106q, . . . , 106x
to determine a set of non-programming content that may be
inserted into the disparate live media output stream.

The CPDS 107 may comprise suitable logic, circuitry, and
interfaces that may be configured to index programming
content, which 1s prepared for usage by a system, such as the
stream publishing engine 114. The CPDS 107 may further
define metadata detailing various facets of the programming
and/or non-programming content including duration, known
locations and opportunities for programming and/or non-
programming content insertion/replacement.

The network 108 may be any kind of network, or a
combination of various networks, and 1t 1s shown 1llustrating
exemplary communication that may occur between the Ad
decisioning servers 106a, . . . , 106» and the media pack-
aging and distribution system 102. For example, the network
108 may comprise one or more of a cable television net-
work, the Internet, a satellite communication network, a
wide area network (WAN), a medium area network (MAN),
and a local area network (LAN). Although a network 108 1s
shown, the disclosure 1s not limited in this regard; accord-
ingly, other exemplary modes may comprise uni-directional
or bi-directional distribution, such as packet-radio, satellite.
Furthermore, the network 108 1s an exemplary embodiment
of a distribution system.

The consumer devices 110q, . . . , 1102 may refer to
end-user devices or consumption devices where the content
1s played to be consumed by a user. The number of 1impres-
sions of a media item, such as an advertisement and/or
promotional media, on such plurality of consumer devices
110a, . . . , 1102 determines the advertising impact or
promotion 1mpact and number of actual audiences achieved
during campaigns. Examples of the consumer devices
110a, . . . , 110z may include, but are not limited to,
connected TVs, connected TV with paired and/or connected
devices (e.g., HDMI sticks, tablets), personal computer,
smartphone, tablet, OTT set-top, or hybrid set-top, and
second screen devices such as smartphones, tablets, game
consoles, personal computers, set-top boxes, and embedded
devices. The consumer devices 110aq, . . . , 110z may further
include process/system that may process the output for any
means, regardless of the capability or mtent to decode for
media presentation, and on which the consumer may launch
a web page, a web application, or a web service to view
media content.

The source devices 118 may comprise suitable logic,
circuitry, and interfaces that may be configured to commu-
nicate a live media feed or live mput streams of a channel,
such as an existing channel, to the media packaging and
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distribution system 102. In accordance with an embodiment,
the live mnput streams of the channel may correspond to a
broadcast feed. The source device 118 may be communica-
tively coupled to the network 108.

The external data source 120 may comprise suitable logic,
circuitry, and interfaces that may be configured to execute
code that handles retrieval and storage of audience data that
corresponds to subscribers of the plurality of consumer
devices 110q, . . . , 110n. The audience data may include
demographics data, audience targeting data, trending data,
device type data, device platform data, and content recog-
nition-based data, such as automatic content recognition
(ACR)-based data. The trending data may comprise infor-
mation on what’s trending in the social networks (or plat-
forms), such as Twitter®, Facebook®, and the like. The
trending data also comprises information on what’s trending,
based on social engagement, such as number of likes or
votes to a particular media 1tem, or number of people
watching a particular media 1tem. The trending data may
indicate an aggregate interest level of a number of users 1n
the social networks for a particular media item. For example,
a thousand or more shares, or likes by a number of users may
indicate a highly popular media item.

The stream selection service 142 may comprise suitable
logic, circuitry, and interfaces that may be configured to
execute code that may be configured to provide a consumer
device, for example, the consumer device 110a, requesting
to view the disparate live media output stream with a correct
variant of disparate live media output stream, based on the
geolocation and 1dentification of the consumer device 110aq,
along with data retrieved from the repository of schedules,
rights, and user preferences database 144.

The repository of schedules, rights, and user preferences
database 144 may comprise suitable logic, circuitry, and
interfaces that may be configured to store the schedules for
all source feeds, availability rights for all the content in the
schedules, regional blackout zones for the various sports
leagues, predefined location-based viewing preferences,
individual client viewing preferences, and any viewing or
transition rules provided by the stream owner operator.

In operation, 1n accordance with an aspect of the disclo-
sure, upon receiving a first manifest request from a con-
sumer device, the DACIS 103 may be configured to publish
a manifest of a first disparate live media output stream for
the consumer device. The first disparate live media output
stream may be chosen by the DACIS 103, at the time of the
first manifest request, to best target a consumer device,
according to a plurality of client-specific parameters. The
plurality of client-specific parameters may comprise user
preferences and 1dentifiers, consumer device preferences
and i1dentifiers, and one or more rules/rights governed by
geolocation data and current position of playback of a first
disparate live media output stream at the consumer device.
The first disparate live media output stream mamifest may be
generated, at the time of the first manifest request, to include
additional content, such as the targeted non-programing
content and the customized programming content. Examples
of the targeted non-programing content may include, but are
not limited to, advertisements, personalized (per-user)
advertisements, video advertisements, and graphical treat-
ment (such as overlays). The targeted non-programing con-
tent may further include first interactive elements, such as an
option to purchase goods or content, and second 1nteractive
clements. The second interactive elements may further aflect
the generation of the first disparate live media output stream
manifest by providing various options. For example, a first
option may be to skip a given ad, a second option may be to
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skip future ads for remainder of the playback of the first
disparate live media output stream, a third option may be to
choose one or more ads of a given category, or a fourth
option may be too watch all ads immediately to avoid ads for
the remainder of the playback. Examples of the customized
programming content may include, but are not limited to,
promotional content, short-form content, or alternate content
(content replacing that of the requested first disparate live
media output stream.

The DACIS 103 may further receive metadata associated
with the content and additional content for the first disparate
live media output stream from the CPDS 107. The metadata
may include, for example, ad break locations, graphical
treatment marker/triggers, SCTE35 markers, content dura-
tion, personalized content opportunities, and one or more
decision point locations.

In accordance with an embodiment, the DACIS 103 may
be configured to convert a pre-encoded media asset to the
first disparate live media output stream to facilitate one or
more subsequent modifications on the first disparate live
media output stream. The one or more subsequent modifi-
cations may correspond to a user selection, a user prefer-
ence, a change 1n a first programming schedule, or a time or
geolocation-based rule. In accordance with an embodiment,
the DACIS 103 may be configured to perform another
conversion of remainder of the first disparate live media
output stream into the one or more pre-encoded media assets
to facilitate download of the one or more pre-encoded media
assets at the consumer device and mitigate dependency on
the DACIS 103 for playback of remaining portion.

In accordance with another aspect of the disclosure, upon
receiving the first manifest request, a manifest of the first
disparate live media output stream may be altered to include
additional or alternate content, apart from the content origi-
nally scheduled for playback. The DACIS 103 may be
configured to determine which content to include/replace by
utilizing one or more parameters. The one or more param-
eters may 1include, but not limited to, URL requested for
playback, and an identifier referencing a record for an
existing first disparate live media output stream or an
external connected system, such as the CPDS 107. The one
or more parameters may include a plurality of client-specific
parameters that may comprise user preferences and identi-
fiers, consumer device preferences and identifiers, and one
or more rules/rights governed by geolocation data and
current position of playback of a first disparate live media
output stream at the consumer device. The one or more
parameters may include a plurality of client-specified attri-
butes derived from user interaction with the consumer
device. The plurality of client-specified attributes may
include, for example, a preference for a given type and/or
category (or categories) of programming content, a possible
time constraint or duration to fill with content. The time
constraint or duration to fill with content may be determined
by user preferences from an external system, such as the
repository of schedules, rights, and user preferences data-
base 144, a range defined 1n the first client manifest request,
schedule tolerances, as defined 1n the repository of sched-
ules, rights, and user preferences database 144, device
preferences/identifiers declared in the first mamifest request,
and a prior consumer request, or found in the repository of
schedules, rights, and user preferences database 144. The
time constraint or duration to fill with content may be further
determined by geolocation information declared 1n the first
manifest request or found 1n the first manifest request, or
external database, such as the repository of schedules, rights,
and user preferences database 144, or external systems, such
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as a content recommendation engine. The one or more
parameters may further include rules, rights, and schedule
data stored in the DACIS 103 or an adjacent, external
system—such as the repository of schedules, rights, and user
preferences database 144.

In accordance with an embodiment, the DACIS 103 may
determine where to place new or alternate content within the
requested disparate live media output stream. The DACIS
103 may utilize metadata, such as ad break locations,
graphical treatment markers/triggers, SCTE35 markers, con-
tent duration, and one or more decision point locations. The
metadata may be sourced from a system that has mdexed
metadata for the asset, such as the CPDS 107. The DACIS
103 may generate a new schedule from the determined
alterations 1n the first disparate live media output stream.
The DACIS 103 may transmit resulting schedule to the
stream publishing engine 114 to generate a final disparate
live media output stream. The final disparate live media
output stream may be delivered back to originating client.
The stream publishing engine 114 may generate the {first
disparate live media output stream manifest based on one of
a pre-defined conversion modes. The pre-defined conversion
modes may correspond to pre-encoded media assets to live
stream mode, pre-encoded media assets to live stream mode
with scalable architecture, a live stream to live stream mode,
and a mixed mode corresponding to switching between
pre-encoded media assets and live streams.

The final disparate live media output stream may contain

one or more decision points, which, 1f configured, may be
presented by the consumer device to the user. In this regard,
the final disparate live media output stream may be delivered
as a live stream between the decision points whether or not
the programming content selected by a user i1s pre-encoded
media asset or a live input stream. At the one or more
decision points, the user iteraction may correspond to one
of a desired selection corresponding to the user interaction
with one or more 1nteractive elements, or a default selection
corresponding to non-interaction of a user with the custom-
ized first programming content and/or the targeted first
non-programming content in the first disparate live media
output stream played back by the media player. The desired
selection or the default selection may be transmitted to an
external storage system that 1s the repository of schedules,
rights, and user preferences database 144.
In accordance with an embodiment, at the one or more
decision points, the one or more interactive elements may
facilitate exclusion of the targeted first non-programming
content or the customized first programming content and
replacement by default content. The one or more interactive
clements may further facilitate selection of alternate cus-
tomized first programming content, selection of a subse-
quent second programming content, approval or disapproval
of the selected customized first programming content, and/or
exclusion of subsequent second non-programming content
for a remaining portion of the first disparate live media
output stream played back by the media player. The one or
more interactive elements may further facilitate selection of
one or more targeted first non-programming content of a
specific category, or viewing of some or all of the targeted
first non-programming content immediately to avoid some
or all of the targeted first non-programming content for the
remaining portion of the first disparate live media output
stream played back by the media player.

In accordance with another aspect of the disclosure, the
DACIS 103, upon the first manifest request, may seamlessly
transition the first additional content to an alternate addi-
tional content according to determination made by the
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stream selection service 142, based on one or more transition
parameters. The one or more transition parameters may
comprise one or more parameters from the first manifest
request, current state of the first disparate live media output
stream manifest determined based on accessibility, regular
update, and suitable encoding, digital rights management,
and compatibility with the first client device, rules provided
by a stream owner operator, and user preferences defined in
the repository of schedules, rights, and user preferences
database 144.

The DACIS 103 may retrieve alternate metadata for the
alternate additional content from the CPDS 107. The alter-
nate metadata may indicate a location to seamlessly transi-
tion from the first additional content to the alternate addi-
tional content, and may include ad break locations, graphical
treatment markers/triggers, SCTE35 markers/triggers, con-
tent duration, and/or one or more decision points. The
DACIS 103 may be configured to determine placement of
the alternate additional content within the first disparate live
media output stream manifest based on the associated
indexed metadata and the alternate metadata. The DACIS
103 may generate an alternate programming schedule for the
first client device based on the alternate additional content
and the alternate metadata. The DACIS 103 may transmit
the generated alternate programming schedule to the stream
publishing engine 114. The stream publishing engine 114
may generate a final disparate live output stream manifest
for the consumer device.

In accordance with an embodiment, the DACIS 103 may
revoke the first disparate live media output stream manifest
published for the first consumer device based on an 1dentifier
primitive associated with the first disparate live media
output stream of the first consumer device 1n an stance 1n
which a media player of the first consumer device 1s deter-
mined to be a plagiarized media player with unauthorized
access to content. In such embodiment, the first disparate
live media output stream may include at least one unique
identifier mserted by the DACIS 103.

In accordance with another aspect of the disclosure, the
DACIS 103 may be configured to provide a dynamic playout
bufler for disparate live media output stream to be viewed on
a plurality of consumer devices (such as the consumer
devices 110aq, . . . , 110n). The DACIS 103, may be
configured to publish the first programming schedule 111
that may reference at least one or more pre-encoded media
assets and/or one or more live input streams. The published
first programming schedule may comprise one or more
playout builer features enabled via one or more constraints
and rights. Each playout bufler feature of the one or more
playout bufler features may be associated with a correspond-
ing number of media segments that represents the one or
more pre-encoded media assets and/or the one or more live
input streams. The DACIS 103 may be further configured to
receive a request that comprises at least a stream 1dentifier
and at least an additional parameter. The DACIS 103 may be
turther configured to insert manifest data and indexed meta-
data of one or more media segments associated with the
stream 1dentifier to a first disparate live media output stream
manifest 1 accordance with a playout bufler feature from
the one or more playout bufler features and at least the
additional parameter. The DACIS 103 may be further con-
figured to generate a first disparate live media output stream
based on the insertion of the manifest data and idexed
metadata to the first disparate live media output stream
manifest.

FIG. 1B 1s a block diagram that illustrates an exemplary
DACIS for publishing an updated disparate live media
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output stream i1n mixed mode based on user selection, and
for providing a dynamic playout bufller for disparate live
media output stream, 1n accordance with exemplary embodi-
ments of the disclosure. Referring to FIG. 1B, the DACIS
103 comprises a first programming schedule 111, an alter-
nate programming schedule 113, a stream publishing engine
114, a personalized experience manager (PEM) 115, and an
indexing and storage system 116. FIG. 1B further illustrates
a content delivery system 130, which 1s an example of the
network 108, client devices 132a, . . . , 132n, which
correspond to the plurality of consumer devices 110q, . . .,
1107. There 1s further shown a per-client disparate live
media output stream 117a, . . . , 117» for corresponding
client device from the client devices 132a, . . ., 132xn.

In some embodiments of the disclosure, the stream pub-
lishing engine 114, the PEM 115, and the indexing and
storage system 116 may be integrated to form an integrated
system, as illustrated in FIG. 1B. In some embodiments of
the disclosure, as shown, the stream publishing engine 114,
the PEM 115, and the indexing and storage system 116 may
be distinct. In this regard, the PEM 115 may be implemented
external to the DACIS 103 without loss of generality. Other
separation and/or combination of the various entities of the
exemplary media packaging and distribution system 102
illustrated 1n FIG. 1B may be done without departing from
the spirit and scope of the various embodiments of the
disclosure. In an embodiment, the implementation of the
DACIS 103 may be on the server-side. In another embodi-
ment, the implementation of the DACIS 103 may be on the
client-side.

The first programming schedule 111 may correspond to an
instruction set for a disparate live media output stream for a
corresponding client device. The first programming sched-
ule 111 may 1inform the stream publishing engine 114 about
pre-encoded media assets and live iput streams as well as
when and how to switch between the various pre-encoded
media assets and live input streams. The first programming,
schedule 111 may also support defining break durations for
mid roll ads, break locations, and durations in the pre-
encoded media asset and live mput stream switches.

The alternate programming schedule 113 may correspond
to an 1nstruction set for an updated or alternate disparate live
media output stream. The alternate programming schedule
113 may inform the stream publishing engine 114 about the
alternate pre-encoded media asset and/or the alternate live
iput stream, and alternate additional content. Specifically,
the alternate programming schedule 113 may indicate that
when and how to switch between the various disparate live
media output streams.

The stream publishing engine 114 in the DACIS 103 may
be configured to generate disparate live media output stream
manifests and variants of disparate live media output stream
manifests. The stream publishing engine 114 may be con-
figured to publish unique-to-client streaming manifests
leveraging different indexes created by the indexing and
storage system 116 from the various live input streams,
pre-encoded media assets, targeted non-programming con-
tent and customized programming content based on a
defined per-client schedule.

The PEM 115 1n the DACIS 103 may be configured to
personalize viewer experience ol users by communicating,
with existing content decisioning systems, such as CDS 105,
and executing/converting schedules provided, for example
from the first programming schedule 111 to the alternate
programming schedule 113. The PEM 115 in the DACIS 103
may be further configured to communicate with an ad server,
such as the Ad decisioning server 1064, and stitching 1in
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targeted first non-programming content and customized first
programming content, as required by the first programming
schedule 111 and user preferences. The PEM 115 1n the
DACIS 103 may be further configured to generate a sched-
ule for a disparate live media output stream of personalized
content (1.e., clips or movies), communicating with the
stream selectlon service 142 to switch or failover to different
disparate live media input streams, and control overlays and
other events triggered via the disparate live media output
stream. In accordance with an embodiment, the stream
selection service 142 may be used to switch between dif-
ferent output streams when a client device 1s requesting
directly from the stream selection service 142. In accordance
with other embodiment, the stream selection service 142
may be used to switch between different streams that may
act as iputs for the PEM 115 and/or stream publishing
engine 114 to generate a new output stream.

The indexing and storage system 116 in the DACIS 103
may be configured to ingest pre-encoded media assets,
advertisement, and (continuously) live stream source mani-
fests, indexes the media content segments, indexes one or
more program indicators (such as program boundaries),
non-programming indicators (such as ad break locations,
overlay opportunities credits, and DRM systems supported,
in the repository of schedules, rights, and user preferences
database 144.

The per-client disparate live media output streams
117a, . . . , 117» may correspond to disparate live media
output stream comprising live input streams and/or pre-
encoded media assets to be sent back to a client device, upon
request, that has been generated from a per-client schedule,
such as the first programming schedule 111. Various media
container formats of the live input streams and/or pre-
encoded media assets may include, but are not limited to,
transport stream (15S), fragmented MP4 (iMP4), Common
Media Application Format (CMAF) and the like.

The content delivery system 130 may correspond to the
network 108, described in FIG. 1. The content delivery
system 130 may comprise networks configured for distrib-
uting media content to the plurality of client devices
132a, . . ., 132n. Generally, the term “content,” “metadata,”
“media,” and similar words are used interchangeably to refer
to any type of media—audio, videos, datacasts, music, text,
images, graphics, articles, still photos, animated photos,
moving photos, photo galleries, video galleries, infograph-
ics, maps, polls, guest biographies, tweets or other social
media, blog posts, and/or the like. The content delivery
system 130 may be configured to provide a plurality of
disparate live media output streams to the plurality of client
devices 132a, , 1322 (1n case packaged content 1s
available on the network 108) or from the content packaging
and distribution system 107 (in case packaged content 1s not
available on the network 108). The plurality of disparate live
media output streams may be provided to the plurality of
client devices 132a, . . ., 132» via, for example, a transport
stream, a segmented streaming, a progressive download, or
any other modes of distributing a multimedia presentation,
such as via an over-the-air content delivery/distribution
network, a linear content delivery/distribution network, a
cable content delivery/distribution network, a satellite con-
tent delivery/distribution network, an Internet Protocol (IP)
based content delivery/distribution network, and/or the like.

The client devices 132qa, . . ., 132r» may correspond to
consumer devices 110q, . . . , 110%. In accordance with an
embodiment, the client devices 132a, . . . , 132z may be
content recognition (CR)-enabled devices, such as automatic
content recognition enabled devices. The client devices
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132a, ..., 132» may be configured to communicate with the
Ad decisioning server 106a, via the content delivery system
130, or a separate communication network.

The stream selection service 142 may comprise suitable
logic, circuitry, and interfaces that may be configured to
provide a client device, for example, the client device 132a,
requesting to view a disparate live media output stream with
a correct variant of disparate live media output stream, based
on the geolocation and identification of the client device
132a, along with data retrieved from the repository of
schedules, rights, and user preferences database 144. The
stream selection service 142 may further receive user prel-
erences of a user associated with the client device 132a, for
example, to view the recommended/desired existing dispa-
rate live media output stream on the client device 132a. The
stream selection service 142 may further store the received
preferences in the repository of schedules, rights, and user
preferences database 144, and also communicate with the
PEM 115. The stream selectlon service 142 acts as an
interface between the PEM 1135 of the media packaging and
distribution system 102 and the plurality of client devices
132a, . .., 132n.

The repository of schedules, rights, and user preferences
database 144 may comprise suitable logic, circuitry, and
interfaces that may be configured to execute code to store
content rights, user preferences, regional preferences, live
schedules, and regional rights. For example, content rights
may store availability and platform rights for live input
streams 1n the first programming schedules, such as the first
programming schedule 111, the user preferences may store
preferences of individual user viewing preferences, the
regional preferences may store regional viewing prefer-
ences, the live schedules may store the schedules for live
input streams, and the regional rights may store regional
blackout zones for the various sports leagues, for example.
The repository of schedules, rights, and user preferences
database 144 may further store data supplied from a stream
owner/operator including requirements, preferences, such as
pre-defined location-based viewing prelferences, stream
transition rules, and any required client data, such as service
level and zip code.

In operation, 1n accordance with an aspect (regarding
just-in-time 1nsertion of non-programming content and/or
programming content) of the disclosure, a media player in a
consumer device, such as the consumer device 110aq, may
send a first manifest request to the DACIS 103 to receive a
disparate live media output stream manifest to begin or
continue playback. The first manifest request may comprise
one or more parameters, such as umversal resource locators
and/or 1dentifiers referencing records for one or more live
input streams or one or more pre-encoded media assets 1n the
CPDS 107, a plurality of client-specific parameters, and a
plurality of client-specified attributes derived from a user
interaction with the consumer device, such as the consumer
device 110a. The plurality of client-specific parameters may
comprise user preferences and identifiers, client device
preferences and 1dentifiers, and one or more rules governed
by geolocation data and current position of playback of a
first disparate live media output stream at the consumer
device, such as the consumer device 110a. The plurality of
client-specified attributes may comprise the user interaction
with 1nteractive content in a customized first programming,
content and a targeted {irst non-programming content, and a
preference for a type and/or category of the targeted first
non-programming content and/or the customized {first pro-
gramming content. The user interaction with the interactive
content may comprises a selection to exclude the targeted
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first non-programming content and/or the customized first
programming content, a selection to include a subset of the
targeted first non-programming content and/or the custom-
1zed first programming content, and a selection to include all
of the targeted first non-programming content and/or the
customized first programming content within one or more
specified non-programming content locations.

In case the first manifest request 1s for a first disparate live
media output stream, the PEM 115 transmits the one or more
parameters 1n the first manifest request to the stream selec-
tion service 142. The stream selection service 142 may
determine live input streams and/or pre-encoded media
assets, based on the one or more parameters in the first
manifest request and 1n repository of schedules, rights, and
user preferences database 144. The stream selection service
142 may transmit the determined 1dentifiers or URLs of the
live mput streams and/or pre-encoded media assets to the
PEM 115. The PEM 115 may then transmit the first manifest
request to the CPDS 107 to retrieve metadata for the
determined live input streams and/or pre-encoded media
assets. The metadata may include, for example ad break
locations, overlay markers/triggers, SCI'E35 markers, and
content duration.

The PEM 115 of the DACIS 103 may further transmit the
received first manifest request to the CPDS 107 based on the
selected one or more live mput streams and/or one or more
pre-encoded media assets. The PEM 1135 may receive the
indexed metadata, for example non-programming indica-
tors, such as ad break locations, graphical treatment indica-
tors, such as overlay markers/triggers, programming indict-
ors, such as SCTE35 markers and content duration, from the
CPDS 107.

The PEM 115 may further identify the one or more
content placement opportunities defined by the metadata
associated with the one or more live mput streams and/or
one or more pre-encoded media assets. The PEM 115 may
further receive additional content, such as targeted first
non-programming content from the Ad decisioning server
1064, and customized first programming content to match
one or more personalization parameters from the CDS 105.

The PEM 115 may be configured to generate the first
programming schedule 111 for a first client device, such as
the client device 1324, based on selected one or more live
input streams and/or the one or more pre-encoded media
assets, the associated indexed metadata, and the determined
first additional content. The generated first programming
schedule 111 may be delivered to the stream publishing
engine 114. The stream publishing engine 114 may be
configured to select the one or more live mput stream
manifests and/or the one or more pre-encoded media asset
manifests published in the content delivery system 130. The
indexing and storage system 116 may be configured to index
the plurality of media segments indicated by the one or more
pre-encoded media asset manifests and the one or more live
input stream manifests, the associated indexed metadata, the
targeted first non-programming content, and the customized
first programming content may be indexed based on the first
programming schedule 111 generated for the first client
device, for example the client device 132a. The stream
publishing engine 114 may be further configured to publish
the first disparate live media output stream manifest for the
first client device, for example the client device 1324. The
DACIS 103 may transmit the published first disparate live
media output stream manifest to the media player of the first
client device for playback of the first disparate live media
output stream, for example the disparate live media output
stream 117a.
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In accordance with an embodiment, the PEM 115 may
receive a user interaction from the media player of the first
client device, for example the client device 132a. The user
interaction may correspond to one ol a desired selection
corresponding to the user interaction with one or more
interactive elements, or a default selection corresponding to
a non-interaction of the user with the customized {irst
programming content and/or the targeted first non-program-
ming content in the first disparate live media output stream
117a played back by the media player. Based on the user
interaction with the interactive content, the PEM 115 of the
DACIS 103 may be configured to modily the remaining
portion of the first programming schedule 111 that generates
the first disparate live media output stream 117a correspond-
ing to the first manifest request generated by the first client
device, such as the client device 132a.

In accordance with another aspect (regarding personal-
1zed 1nsertion of playlist of non-programming content and/or
programming content) of the disclosure, the DACIS 103
may be configured to recerve the first manifest request from
the first client device, such as a client device 132a, to begin
or continue playback of a first disparate live media output
stream, for example the disparate live media output stream
117a. In such embodiment, in addition to the plurality of
client-specific parameters described above, the plurality of
client-specified attributes may comprise a preference for a
given type and/or category (or categories) of targeted non-
programming content or customized programming content,
and a possible time constraint (duration) to fill with content.
Thereafter, 1n similar manner as described above, the PEM
115 may transmit the one or more parameters 1n the first
manifest request to the stream selection service 142. The
stream selection service 142 may determine live input
streams and/or pre-encoded media assets, based on the one
or more parameters in the first manifest request and 1n
repository of schedules, rights, and user preferences data-
base 144. The stream selection service 142 may transmit the
determined 1dentifiers or URLs of the live input streams
and/or pre-encoded media assets to the PEM 115. The PEM
115 may then transmit the first manitfest request to the CPDS
107 to retrieve metadata for the determined live input
streams and/or pre-encoded media assets. The metadata may
include, for example, categories to which content 1s assigned
to (for example, “basketball”, “sports™, “Knicks™), in addi-
tion to ad break locations, overlay markers/triggers, SCTE33
markers, and content duration.

The PEM 115 may i1dentily one or more content place-
ment opportunities defined by the metadata and may trans-
mit a request to the CDS 1035 to determine the customized
first programming content from the CPDS 107 for matching
one or more personalization parameters. Accordingly, the
PEM 115 may generate the first programming schedule 111
defining locations and types of one or more decision points
defined by the one or more content placement opportunities
in the indexed metadata. The one or more decision points
may define personalized content preferences, skipping of
personalized content and moving to default content, and
approval or disapproval of the personalized content. The
remaining operations may be similar to the just-in-time
insertion ol non-programming content and/or programming
content.

In accordance with another aspect (regarding stream
tallover) of the disclosure, the DACIS 103 may be config-
ured to recerve the first manifest request from the first client
device, such as a client device 132a. The first manifest
request may comprise one or more parameters, as described
above. The PEM 1135 may transmit the received first mani-
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fest request that comprises the one or more parameters to the
stream selection service 142. The stream selection service
142 may determine 11 the set of criteria associated with the
first disparate live media output stream 1s satisfied. The set
of criteria may include accessibility of the first disparate live
media output stream, update of the first disparate live media
output stream and/or compatibility of the first disparate live
media output stream having media and/or a manifest with
the first manifest request. The stream selection service 142
may be further configured to determine the one or more live
input streams and/or one or more pre-encoded media assets
based on the one or more parameters in the first manifest
request, and additional parameters retrieved from the reposi-
tory of schedules, rights, and user preferences database 144.
The stream selection service 142 may be further configured
to determine the one or more live mput streams and/or one
or more pre-encoded media assets based on rules provided
by a stream owner/operator (such as a regional blackout for
the first client device leading to an alternative stream to
watch) and user preferences (that exclude certain categories)
defined 1n the repository of schedules, rights, and user
preferences database 144.

When the set of criteria associated with the first disparate
live media output stream 1s not satisfied, the stream selection
service 142 may select a pre-encoded asset indicated 1n the
first manifest request to continue playback as the first
disparate live media output stream. The PEM 115 may
receive the umversal resource locators and/or 1dentifiers that
reference records for the selected one or more live mput
streams or alternate one or more pre-encoded media assets
based on the one or more parameters and additional param-
cters retrieved from the repository of schedules, rights, and
user preferences database 144. The PEM 115 may further
transmit the received first manifest request to the CPDS 107
based on the selected one or more live mput streams or
alternate one or more pre-encoded media assets. The PEM
115 may further receive the alternate metadata for the
alternate additional content from the CPDS 107. The meta-
data may include, for example, Ad break locations, overlay
markers/triggers, SCTE35 markers/triggers, content dura-
tion, and one or more decision points. The alternate metadata
may further include a location to transition from the first
additional content to the alternate additional content. There-
alter, a placement of alternate additional content within the
first disparate live media output stream manifest may be
determined based on the associated indexed metadata and
the alternate metadata. The PEM 15 may further generate the
alternate programming schedule for the first client device,
such as the client device 1324, based on the alternate
additional content and alternate metadata. Accordingly, the
stream selection service 142 may publish the final disparate
live output stream manifest for the first client device, such
as the client device 132a, based on the generated alternate
programming schedule.

In accordance with another aspect (regarding dynamic
playout bufler for disparate live media output stream) of the
disclosure, the PEM 115 of the DACIS 103 may be config-
ured to publish the first programming schedule 111 that
references at least one or more pre-encoded media assets
and/or one or more live mput streams. The published first
programming schedule may comprise one or more playout
buffer features enabled via one or more constraints and
rights.

A first playout bufler feature of the one or more playout
bufler features may correspond to a minimum playout bufler
s1ze. The mimmum playout bufler size indicates a minimum
number of media segments that represents the one or more
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pre-encoded media assets and/or the one or more live iput
streams, as defined 1n the first programming schedule 111. A
second playout bufller feature of the one or more playout
builer features may correspond to a maximum playout bufler
s1ze. The maximum playout bufler size indicates a maximum
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. A
third playout bufler feature of the one or more playout bufler
features may correspond to a default playout butler size. The
default playout bufler size indicates a pre-specified number
of media segments that represents the one or more pre-
encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. In
accordance with an embodiment, the PEM 115 of the
DACIS 103 may be configured to determine a fourth playout
bufler feature based on a reference to the repository of
schedules, rights, and preferences database 144 or a third-
party database by the first programming schedule 111.

In accordance with an embodiment, the stream publishing
engine 114 1n the DACIS 103 may be configured to receive
a request that may comprise at least a stream 1dentifier and
at least an additional parameter. The stream publishing
engine 114 may query the indexing and storage system 116
based on the received request. Accordingly, the stream
publishing engine 114 may determine the first programming,
schedule 111, manifest data and indexed metadata associated
with the query from the indexing and storage system 116.
The manifest data and the indexed metadata may correspond
to one or more media segments associated with the stream
identifier to be inserted to the first disparate live media
output stream manifest 1n accordance with the first program-
ming schedule 111, the playout bufler feature from the one
or more playout bufler features, and at least the additional
parameter.

In accordance with an embodiment, the stream publishing
engine 114 may fail to validate that the one or more media
segments associated with the stream identifier are eligible
tor the playout and accordingly, an error notification may be
generated. In accordance with another embodiment, the
stream publishing engine 114 may validate that the one or
more media segments associated with the stream identifier
are eligible for the playout, and further validate that the one
or more media segments associated with the stream 1denti-
fier are eligible in accordance with the fourth playout bufler
feature enabled via the one or more constraints and rights.
Accordingly, the stream publishing engine 114 may set the
default playout bufler duration for the one or more media
segments and proceed to insert the manifest data and
indexed metadata of one or more media segments associated
with the stream identifier to the first disparate live media
output stream manifest 1n accordance with the default play-
out bufler duration.

In accordance with another embodiment, when the stream
publishing engine 114 fails to validate that the one or more
media segments associated with the stream identifier are
cligible 1n accordance with the fourth playout bufler feature,
the stream publishing engine 114 may further check the
additional parameter. In accordance with a first exemplary
scenar1o, when the one or more media segments associated
with the stream 1dentifier are eligible 1n accordance with the
fourth playout bufler feature and at least the additional
parameter comprises both of the user identifier and the
altered playout bufler duration flag, the stream publishing
engine 114 may query the repository of schedules, rights,
and preferences database 144 based on the user identifier.
Accordingly, the stream publishing engine 114 may receive
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a permissible playout bufler duration, set the playout buller
duration according to the recerved permissible playout bui-
fer duration, and proceed to insert the manifest data and
indexed metadata of one or more media segments associated
with the stream identifier to the first disparate live media
output stream manifest in accordance with the playout butler
duration according to the receirved permissible playout bui-
fer duration. In accordance with a second exemplary sce-
nario, when the one or more media segments associated with
the stream identifier are eligible 1n accordance with the
fourth playout bufler feature and at least the additional
parameter comprises a desired playout bufler duration for
the one or more media segments associated with the stream
identifier, the stream publishing engine 114 may set the
playout bufler duration for the one or more media segments
based on the desired playout builer duration. When the
desired playout bufler duration exceeds the maximum play-
out bufler duration, the stream publishing engine 114 may
set the playout bufler duration for the one or more media
segments 1n accordance with the second playout builer
feature, and proceed to 1nsert the manifest data and indexed
metadata of one or more media segments associated with the
stream 1dentifier to the first disparate live media output
stream manifest 1 accordance with the second playout
bufler feature. When the desired playout butler duration fails
to exceed the maximum playout bufler duration, the stream
publishing engine 114 may proceed to insert the manifest
data and 1indexed metadata of one or more media segments
associated with the stream 1dentifier to the first disparate live
media output stream manifest in accordance with the playout
bufler duration based on the desired playout bufler duration.
In accordance with a third exemplary scenario, when the one
or more media segments associated with the stream 1denti-
fier are eligible for the playout and the additional parameter
does not comprise the altered playout buller duration flag or
the desired playout bufler duration, the stream publishing
engine 114 may proceed to insert the manifest data and
indexed metadata of one or more media segments associated
with the stream identifier to the first disparate live media
output stream manifest in accordance with the default live
window duration.

Once the manifest data and 1ndexed metadata of one or
more media segments associated with the stream 1dentifier 1s
inserted to the first disparate live media output stream
manifest in accordance with the one or more playout bufler
features and at least the additional parameter, as described
above 1 accordance with the various embodiments and
exemplary scenarios, the stream publishing engine 114 may
generate the first disparate live media output stream based
on one of a pre-defined conversion modes. The pre-defined
conversion modes may correspond to pre-encoded media
assets to live stream mode, pre-encoded media assets to live
stream mode with scalable architecture, a live stream to live
stream mode, and a mixed mode corresponding to switching,
between pre-encoded media assets and live streams. The
stream publishing engine 114 may further playout the gen-
erated first disparate live media output stream to be viewed
at one or more of the client devices 132a, .. ., 132x.

FIG. 2 1llustrates segmentation of live input streams and
pre-encoded media assets for the first programming schedule
111 or the alternate programming schedule 113 for publish-
ing a disparate per-client live media output stream based on
dynamic 1nsertion of targeted non-programming content and
customized programming content by the DACIS 103 of FIG.
1B, and for providing a dynamic playout bufler for disparate
live media output stream, in accordance with exemplary
embodiments of the disclosure. Referring to the exemplary
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arrangement of FIG. 2, there 1s shown a first live input
stream 202, a first pre-encoded media asset 204, and a
second live input stream 206. There 1s also shown a targeted
first non-programming content 208 placed after the first live
mput stream 202, and a customized {irst programming
content 210 placed after the first pre-encoded media asset
204. The first live mput stream 202 may be segmented into
a first set of video segments 202a, 20256, 202¢, . . ., 202n.
Similarly, the first pre-encoded media asset 204 and the
second live input stream 206 may also be segmented into
second set of video segments 204a, 204b, 204c, . . ., 204n,
and third set of video segments 206a, 20656, 206¢, . . ., 206#
respectively. By way of example, the segmentation may be
executed by a segmenting system (for example a live stream
encoder/packager and/or a content encoder/packager (not
shown)) during a preparation stage of the media assets. The
encode stage may create various quality levels and the
package stage segments the content into the short segments,
and produces the correct format, such as TS, IMP4, or
CMAF and encrypts the media content to prevent piracy. In
accordance with an embodiment, the segments of the first set
of video segments 202a, 2025, 202¢, . . ., 202n, the second
set of video segments 204a, 20456, 204c, . . ., 204, and third
set of video segments 206a, 2065, 206c, . . . , 206n, may be
segmented 1nto consistent length, for example, 10 seconds
segments. It may be advantageous to have a consistent and
smaller file size of segments to be able to quickly push to the
content delivery system 130, and also for quick download-
ing by a media player at the end-user side, such as on the
plurality of consumer devices 110q, . . . , 110,

It should be understood by those skilled in the art that
various changes may be made and segments of different file
sizes (or length) may be used without departure from the
scope of the present disclosure. Further, other streaming
protocols may require a different processing of media con-
tent. Thus, the scope of the disclosure should not be limited
to the processing or preparation ol media content to allow
delivery using different delivery methods, streaming proto-
cols, or distribution system, known in the art. Further,
instead of the live mput streams and pre-encoded media
asset arranged, as shown, different arrangements per the first
programming schedule 111 or the alternate programming
schedule 113 may be possible with respect to interstitial
content items, such as the targeted first non-programming
content 208 and the customized {irst programming content
210.

The insertion of the live mput stream manifests, pre-
encoded media asset manifests, the targeted first non-pro-
gramming content 208 and the customized first program-
ming content 210 may be done on-the-tly based on dynamic
scheduling by the PEM 115 that generates the first program-
ming schedule 111 or the alternate programming schedule
113. The nsertion may be driven by real time or near-real
time content context analysis, user-selection on the con-
sumer devices 110a, . . . , 110, or driven by external data
received from the external data source 120. The PEM 115 in
association with the stream selection service 142 may be
configured to 1nsert live input streams, such as the first live
input stream 202 and the second live input stream 206, or
pre-stored media assets, such as the first pre-encoded media
asset 204, the targeted {irst non-programming content 208
and the customized first programming content 210, 1n an
existing disparate live media output stream based on
manipulation of a manifest the existing disparate live media
output stream, such as an existing channel.

In accordance with an embodiment, each segment of the
first set of video segments 202a, 2025, 202¢, . . ., 202n, the
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second set of video segments 204a, 2045, 204c, . . . , 204n,
and third set of video segments 206a, 2065, 206c¢, . . ., 206%,
may be further processed to be stored at various quality
levels, and content encryption modes for the purposes of
adaptive bitrate streaming and digital rights management,
for example, the video segment 202a may be stored in a
plurality of quality levels, for example, high definition (HD),
high dynamic range (HDR) video, or diflerent quality levels
in accordance with specified pixel resolutions, bitrates,
frame rates, and/or sample frequencies. As each of the media
content, such as 202 to 206, are encoded, segmented, and
stored with the plurality of quality levels 1n a media content
master storage system. The media content may be re-used to
create new channels, such as a new disparate live media
output stream, without having to re-encode a selected live
input stream or a pre-encoded media asset when a new
disparate live media output stream 1s created using the live
iput streams or a pre-encoded media asset.

For the sake of brevity, and with reference to FIG. 2, there
1s shown an example of publishing the first or the updated
(or alternate) disparate live media output streams based on
dynamic 1nsertion of targeted non-programming content and
customized programming content by the DACIS 103 of FIG.
1B. It 1s to be understood that media packaging for different
delivery methods (such as analog terrestrial broadcast, digi-
tal terrestrial broadcast, direct-to-home satellite broadcast,
cable, other Internet Protocol (IP)-based delivery methods,
over-the-top television (OT1T)), different streaming proto-
cols, or distribution system, may be different. The media
content may be prepared to be viewed one or more of the
plurality of consumer devices 110qa, . . . , 1107, based on at
least the desired delivery method, delivery conditions, con-
tent protection requirements, to satisiy operational and tech-
nical requirements, as needed. The operational and technical
requirements may include, but are not limited to, media
encoding, media segmentation, programming schedule (or
manifest) creation or manipulation requirements, desired
media encryption, and/or metadata signaling requirements.
For example, in certain scenarios and for certain media
content delivery methods, network bandwidth, network con-
ditions, or device-type where media content 1s to be con-
sumed may not be variable or known in advance. In such a
case, creating different quality levels for same media content
may not be required. Further, based on different operational
and technical requirements, publishing of disparate live
media output stream may be different. The media content
that 1s prepared and distributed may include both the pro-
gramming content, such as long-form presentations, short-
form presentations, news or sporting events; and non-pro-
gramming content, such as paid advertisements, public
service advertisements, or promotional material.

FIG. 3 illustrates an exemplary scenario associated with
publishing a disparate live media output stream by the
DACIS 103 of FIG. 1B, in accordance with an exemplary
embodiment of the disclosure. Referring to the exemplary
scenario 300, there are illustrated two disparate live media
output streams 302 and 304 published for two users asso-
ciated with the client devices 132a and 1327, respectively.
The disparate live media output stream 302 may be existing
disparate live media output stream for the client device
132a. The disparate live media output stream 304 may be a
disparate per-client live media output stream published
based on dynamic insertion of targeted non-programming
content and customized programming content by the DACIS
103 of FIG. 1B for the client device 132x.

The live NBA game may be scheduled to start at 8:00 pm.
However, a user associated with the client device 132 tunes
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in early to watch the NBA game, for example at 7:15 pm.
However, the user may not be interested in watching the end
of the current programming media content. In such a case,
the PEM 115 1n the DACIS 103 may determine targeted
non-programming content, such as sports items ads, and
customized programming content, such as NBA highlights
of previous game and generates the alternate programming
schedule 113. Accordingly, the stream publishing engine 114
in the DACIS 103 may publish an alternate disparate live
media output stream 1177 for the client device 132#. At 8:00
pm, the DACIS 103 may switch back to the live NBA game

scheduled at 8:00 pm.

FIGS. 4A to 4D depict tlowcharts illustrating exemplary
operations for publishing a disparate per-client live media
output stream based on dynamic isertion of targeted non-
programming content and customized programming content
in the media packaging and distribution system 102 of FIG.

1B, 1n accordance with an exemplary embodiment of the
disclosure. Specifically, flowcharts 400A and 4008 collec-
tively depicts a method for just-in-time insertion of non-
programming content and/or programming content, in
accordance with an embodiment of the disclosure. Flow-
chart 400C depicts a method for personalized insertion of
non-programming content and/or programming content, in
accordance with an embodiment of the disclosure. Flow-
chart 400E depicts a method for stream failover, in accor-
dance with an embodiment of the disclosure.

Referring to FIGS. 4A and 4B, flowcharts 400A and 4008
collectively depicts a method for just-in-time insertion of
non-programming content and/or programming content, in
accordance with an embodiment of the disclosure.

At 402A, a first manifest request may be received from a
first client device. In accordance with an embodiment, the
DACIS 103 may be configured to receive the first manifest
request from the first client device, such as a client device
132a, to begin or continue playback of a first disparate live
media output stream, for example the disparate live media
output stream 117a. The first manifest request may comprise
one or more parameters. Examples of the one or more
parameters may include, but are not limited to, universal
resource locators and/or i1dentifiers referencing records for
existing one or more live mput streams or one or more
pre-encoded media assets 1n the CPDS 107, a plurality of
client-specific parameters, and a plurality of client-specified
attributes derived from a user interaction with the first client
device, such as the client device 132a. Examples of the
plurality of client-specific parameters may include, but are
not limited to, user preferences and identifiers, client device
preferences and identifiers, and one or more rules governed
by geolocation data and current position of playback of a
first disparate live media output stream, such as the disparate
live media output stream 117a, at the first client device, such
as the client device 132a. In an embodiment, the client-
specified attributes derived from a user interaction with the
first client device may include, but are not limited to, the
user interaction with interactive content in a customized first
programming content and a targeted first non-programming,
content, and a preference for a type and/or category of the
targeted first non-programming content and/or the custom-
1zed first programming content. The user interaction with the
interactive content may comprise, for example, a selection to
exclude the targeted first non-programming content and/or
the customized {first programming content, a selection to
include a subset of the targeted first non-programming
content and/or the customized first programming content,
and a selection to include all of the targeted first non-
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programming content and/or the customized first program-
ming content within one or more specified non-program-
ming content locations.

At 404 A, the received first manifest request that com-
prises one or more parameters may be transmitted to the
stream selection service 142. In an embodiment, the PEM
115 of the DACIS 103 may be configured to transmit the
received first manifest request that comprises the one or
more parameters to the stream selection service 142.

In an embodiment, based on the received first manifest
request, the stream selection service 142 may be configured
to select one or more live 1nput streams and/or one or more
pre-encoded media assets based on the one or more param-
cters and additional parameters retrieved from the repository
of schedules, rights, and user preferences database 144.
Accordingly, the stream selection service 142 may be con-
figured to return universal resource locators and/or 1denti-
fiers that reference records for the selected one or more live
input streams and/or one or more pre-encoded media assets
to the PEM 115.

At 406 A, the universal resource locators and/or identifiers
that reference records for the selected one or more live input
streams and/or one or more pre-encoded media assets based
on the one or more parameters and additional parameters
retrieved from the repository of schedules, rights, and user
preferences database 144 may be received. In an embodi-
ment, the PEM 115 of the DACIS 103 may be configured to
receive the umversal resource locators and/or 1dentifiers that
reference records for the selected one or more live mput
streams and/or one or more pre-encoded media assets based
on the one or more parameters and additional parameters
retrieved from the repository of schedules, rights, and user
preferences database 144.

At 408A, the recerved first manifest request may be
transmitted to the CPDS 107 based on the selected one or
more live mput streams and/or one or more pre-encoded
media assets. In an embodiment, the PEM 115 of the DACIS
103 may be configured to transmit the received first manifest
request to the CPDS 107 based on the selected one or more
live mput streams and/or one or more pre-encoded media
assets.

In an embodiment, based on the received first manifest
request, the CPDS 107 may be configured to retrieve
indexed metadata, for example, non-programming indica-
tors, such as ad break locations, graphical treatment indica-
tors, such as overlay markers/triggers, programming indict-
ors, such as SCTE35 markers and content duration.
Accordingly, the CPDS 107 may be configured to return the
indexed metadata to the PEM 115.

At 410A, the indexed metadata may be received from the
CPDS 107. In an embodiment, the PEM 115 of the DACIS
103 may be configured to receive the indexed metadata from
the CPDS 107. Examples of the indexed metadata may
include, but are not limited to, non-programming 1ndicators,
such as ad break locations, graphical treatment indicators,
such as overlay markers/triggers, programming indictors,
such as SCTE35 markers and content duration, as described
above.

At 412A, one or more content placement opportunities
defined by the metadata associated with the one or more live
input streams and/or one or more pre-encoded media assets
may be identified. In an embodiment, the PEM 115 of the
DACIS 103 may be configured to 1dentity the one or more
content placement opportunities defined by the metadata
associated with the one or more live mput streams and/or
one or more pre-encoded media assets. Examples of the one
or more content placement opportunities may include, but
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are not limited to, non-programming indicators, such as ad
break locations, graphical treatment indicators, such as
overlay markers/triggers, programming indictors, such as
SCTE3S markers and personalized content opportunity. In
an embodiment, for the identified one or more content
placement opportunities, the PEM 115 of the DACIS 103
may be configured to determine additional content, such as
non-programming content (such as advertisements), person-
alized programming content (such as promotional content),
graphical treatment (such as overlays), and one or more
decision point locations.

At 414, a request may be transmitted to the Ad decision-
ing server 106a to determine targeted first non-programming
content. In an embodiment, the PEM 115 of the DACIS 103
may be configured to transmit the request to the Ad deci-
sioning server 106a to determine the targeted first non-
programming content.

In an embodiment, based on the request, the Ad decision-
ing server 106a may be configured to identify the targeted
first non-programming content, such as an advertising or a
graphical treatment content, to be scheduled 1n one or more
content placement opportunities, based on the one or more
parameters. In an embodiment, the Ad decisioning server
106a may be configured to identily the targeted first non-
programming content based on execution of a non-program-
ming content service based on rules and conditions defined
in additional parameters of the repository of schedules,
rights, and user preferences database 144, and the one or
more parameters defined i1n the first manifest request.
Accordingly, the Ad decisioning server 106a may be con-
figured to transmit the identified targeted first non-programs-
ming content to the PEM 115 of the DACIS 103.

At 416, the targeted first non-programming content may
be received from the Ad decisioning server 106a. In an
embodiment, the PEM 115 of the DACIS 103 may be
configured to receive the targeted first non-programming
content from the Ad decisioning server 106a.

At 418, a request may be transmitted to the CDS 105 to
determine a customized first programming content to match
one or more personalization parameters. In an embodiment,
the PEM 115 of the DACIS 103 may be configured to
transmit the request to the CDS 105. The CDS 105 may
determine a customized first programming content to match
one or more personalization parameters.

In an embodiment, based on the request, the CDS 105
may be configured to identily the customized first program-
ming content based on the one or more parameters 1n the first
manifest request, and the rules and conditions defined 1n the
additional parameters of the repository of schedules, rights,
and user preferences database 144. Accordingly, the CDS
105 may be configured to transmit the identified customized
first programming content to the PEM 115 of the DACIS
103.

At 420, the customized first programming content may be
recetved from the CDS 105. In an embodiment, the PEM 115
of the DACIS 103 may be configured to receive the cus-
tomized first programming content from the CDS 105.

At 422, a first additional content comprising the custom-
1zed first programming content and the targeted first non-
programming content may be determined for the first client
device based on the one or more parameters and the asso-
clated indexed metadata. In an embodiment, the PEM 115 of
the DACIS 103 may be configured to determine the first
additional content comprising the customized first program-
ming content, received from the CDS 1035, and the targeted
first non-programming content, received from the Ad deci-
sioning server 106a. The first additional content may be
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determined for the first client device, such as the client
device 132a, based on the one or more parameters and the
assoclated indexed metadata, recerved from the CPDS 107.

At 424, a first programming schedule 111 may be gener-
ated for the first client device based on the selected one or
more live mput streams and/or the one or more pre-encoded
media assets, the associated indexed metadata, and the
determined first additional content. In an embodiment, the

PEM 115 of the DACIS 103 may be configured to generate

the first programming schedule 111 for the first client device,
such as the client device 1324, based on selected one or more
live 1input streams and/or the one or more pre-encoded media
assets, the associated indexed metadata, and the determined
first additional content.

In accordance with an embodiment, the generated first
programming schedule 111 may not include the first addi-
tional content, in accordance with the one or more param-
cters 1n the first mamifest request. In accordance with another
embodiment, the generated first programming schedule 111
may include the first additional content, 1n accordance with
the one or more parameters 1n the first manifest request. In
accordance with another embodiment, the generated first
programming schedule 111 may include a subset of the first
additional content, 1n accordance with the one or more
parameters 1n the first manifest request.

In accordance with an embodiment, the first additional
content scheduled to be mserted, may be inserted into, for
example, one or more pre-encoded assets 1n accordance with
appropriate markers. The appropriate markers may be
defined 1n the metadata of the one or more pre-encoded
assets, and rules and conditions defined in the repository of
schedule, rights, and user preferences database 144.

In accordance with an embodiment, the generated first
programming schedule 111 may define locations and types
of one or more decision points defined by the one or more
content placement opportunities in the mmdexed metadata.
The one or more decision points may be included in the first
programming schedule 111. Within the first programming
schedule 111, the one or more decision points may define
various types ol the decision points, for example, an Ad
preference, skip next ad, skip future ads, watch ads 1mme-
diately instead of at future ad locations, or personalized
content preferences.

In an exemplary embodiment, the one or more pre-
encoded media assets are scheduled and the one or more
decision points, defined by the one or more content place-
ment opportumties, are inserted in the first programming
schedule 111. In such exemplary embodiment, the first
programming schedule 111 may be configured to control the
one or more pre-encoded media asset manifests to be
published as, for example, the first disparate live media
output stream manifest. Further, the first programming
schedule 111 may include, for example, segments, markers,
the one or more content placement opportunities, up to and
including next available decision point.

At 426, the first programming schedule 111 may be
delivered to the stream publishing engine 114. In accordance
with an embodiment, the PEM 115 1n the DACIS 103 may
be configured to deliver the first programming schedule 111
to the stream publishing engine 114.

At 428, one or more live input stream manifests and/or
one or more pre-encoded media asset manifests published 1n
the content delivery system 130 may be selected. In accor-
dance with an embodiment, the stream publishing engine
114 1n the DACIS 103 may be configured to select the one
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or more live input stream manifests and/or the one or more
pre-encoded media asset manifests published 1n the content
delivery system 130.

At 430, a plurality of media segments indicated by the one
or more pre-encoded media asset manmifests and the one or
more live mput stream manifests, the associated immdexed
metadata, the targeted first non-programming content, and
the customized first programming content may be mdexed
based on the first programming schedule 111 generated for
the first client device. In accordance with an embodiment,
the indexing and storage system 116 may be configured to
index the plurality of media segments indicated by the one
or more pre-encoded media asset manifests and the one or
more live mput stream manifests, the associated mdexed
metadata, the targeted first non-programming content, and
the customized first programming content may be mdexed
based on the first programming schedule 111 generated for
the first client device, for example the client device 132a.

At 432, a first disparate live media output stream manifest
for the first client device may be published based on 1nser-
tion of the selected one or more live input stream manifests
and/or the one or more pre-encoded media asset manifests,
the associated indexed metadata, and the determined first
additional content, into the first disparate live media output
stream manifest, 1n accordance with the first programming
schedule 111 generated for the first client device. In accor-
dance with an embodiment, the stream publishing engine
114 1n the DACIS 103 may be configured to publish the first
disparate live media output stream manifest for the first
client device, for example the client device 132a. The
publication may be based on msertion of the selected one or
more live mput stream manifests and/or the one or more
pre-encoded media asset manifests, the associated mdexed
metadata, and the determined first additional content, into
the first disparate live media output stream manifest, in
accordance with the first programming schedule 111 gener-
ated for the first client device, for example the client device
132a.

At 434, the published first disparate live media output
stream manifest may be transmitted to a media player of the
first client device for playback of the first disparate live
media output stream, for example the disparate live media
output stream 117a. In accordance with an embodiment, the
DACIS 103 may be configured to transmit the published first
disparate live media output stream manifest to the media
player of the first client device for playback of the first
disparate live media output stream, for example the disparate
live media output stream 117aq. In accordance with an
embodiment, the first disparate live media output stream
manifest for the first client device, for example the client
device 132a, may be generated based on one of a pre-defined
conversion modes. The pre-defined conversion modes may
correspond to conversion ol pre-encoded media assets to
live stream mode, pre-encoded media assets to live stream
mode with scalable architecture, a live stream to live stream
mode, and a mixed mode corresponding to switches between
pre-encoded media assets and live streams.

In accordance with an embodiment, the published first
disparate live media output stream manifest may be deliv-
ered to the first client device, for example the client device
132a. Accordingly, the media player of the first client
device, for example the client device 132aq, may begin or
continue playback of the first disparate live media output
stream 117a. Further, the media player, during playback of
the first disparate live media output stream 117a at the first
client device, for example the client device 132qa, presents
one or more decision points defined by the interactive
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content to 1nitiate a user interaction at the first client device,
for example the client device 132a.

In accordance with an embodiment, during the playback,
in case a decision point exists, 1s enabled, and presented by
the first client device, for example the client device 1324, the
user of the client device 1324 may interact with one or more
interactive elements at the decision point and influence (or
modily) remaining first disparate live media output stream
117a.

For example, in an embodiment of just-in-time non-
programming content insertion, at the one or more decision
points, the user interaction corresponds to one of a desired
selection corresponding to the user interaction with one or
more interactive elements, or a default selection correspond-
ing to non-interaction of a user with the customized first
programming content and/or the targeted first non-program-
ming content in the first disparate live media output stream
117a played back by the media player. In another example,
in an embodiment of personalized content playlist, at the one
or more decision points, the user interaction corresponds to
one of exclusion of the targeted first non-programming
content or the customized {first programming content and
replacement by default content, selection of alternate cus-
tomized first programming content, selection of a subse-
quent second programming content, approval or disapproval
of the selected customized first programming content, exclu-
sion of subsequent second non-programming content for a
remaining portion of the first disparate live media output
stream 117a played back by the media player, selection of
one or more targeted first non-programming content of a
specific category, or viewing of some or all of the targeted
first non-programming content immediately to avoid some
or all of the targeted first non-programming content for the
remaining portion of the first disparate live media output
stream played back by the media player.

At 436, the user interaction may be received that corre-
sponds to one of a desired selection corresponding to the
user interaction with one or more interactive elements, or a
default selection corresponding to a non-interaction of the
user with the customized first programming content and/or
the targeted first non-programming content in the first dis-
parate live media output stream 117a played back by the
media player. In accordance with an embodiment, the PEM
115 of the DACIS 103 may be configured to receive the user
interaction may be received. The user interaction may cor-
respond to one of a desired selection corresponding to the
user interaction with one or more interactive elements, or a
default selection corresponding to a non-interaction of the
user with the customized first programming content and/or
the targeted first non-programming content 1n the first dis-
parate live media output stream 117a played back by the
media player.

At 438, a remaiming portion of the first programming
schedule 111 that generates the first disparate live media
output stream 117a corresponding to the first manifest
request generated by the first client device, such as the client
device 132a, may be modified based on the user interaction
with the interactive content. In accordance with an embodi-
ment, the PEM 115 of the DACIS 103 may be configured to
modily the remaining portion of the first programming
schedule 111 that generates the first disparate live media
output stream 117a corresponding to the first manifest
request generated by the first client device, such as the client
device 1324, based on the user interaction with the interac-
tive content.

At 440, a desired selection or the default selection may be
transmitted to an external storage system that i1s the reposi-
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tory of schedules, rights, and user preferences database 144.
In accordance with an embodiment, the first client device,
for example the client device 132a, may be configured to
transmit the desired selection or the default selection to the
external storage system that 1s the repository of schedules,
rights, and user preferences database 144.

In accordance with an embodiment, the user interaction or
non-interaction result may be sent to future client manifest
requests to influence the remainder of the first disparate live
media output stream 117a. This may allow for a user choice,
such as to skip an ad, to result with another manifest request
to the DACIS 103 to update the existing first disparate live
media output stream 117a with the intended behavior and
allect playback of the first disparate live media output stream
117a within the first client device.

Referring to FIG. 4C, flowchart 400C depicts a method
for personalized insertion of playlist of non-programming
content and/or programming content, 1n accordance with an
embodiment of the disclosure.

At 402B, a first manifest request may be received from a
first client device. In accordance with an embodiment, the
DACIS 103 may be configured to receive the first manifest
request from the first client device, such as a client device
132a, to begin or continue playback of a first disparate live
media output stream, for example the disparate live media
output stream 117a. The first manifest request may comprise
one or more parameters. Examples of the one or more
parameters may include, but are not limited to, universal
resource locators and/or identifiers referencing records for
existing one or more live mput streams or one or more
pre-encoded media assets 1n the CPDS 107, a plurality of
client-specific parameters, and a plurality of client-specified
attributes derived from a user interaction with the first client
device, such as the client device 132aq. Examples of the
plurality of client-specific parameters may include, but are
not limited to, user preferences and identifiers, client device
preferences and identifiers, and one or more rules governed
by geolocation data and current position of playback of a
first disparate live media output stream, such as the disparate
live media output stream 117a, at the first client device, such
as the client device 1324. In another embodiment, the
client-specified attributes derived from a user interaction
with the first client device may include, but are not limited
to, a preference for a type and/or category of the targeted
first non-programming content and/or the customized {first
programming content, and a possible time constraint (or
duration) to fill with the targeted first non-programming
content and/or the customized first programming content.
The user iteraction with the interactive content may com-
prise, for example, a selection to exclude the targeted first
non-programming content and/or the customized {first pro-
gramming content, a selection to mclude a subset of the
targeted first non-programming content and/or the custom-
1zed first programming content, and a selection to include all
of the targeted first non-programming content and/or the
customized first programming content within one or more
specified non-programming content locations.

The user interaction with the interactive content may
comprise, for example, a selection to exclude the targeted
first non-programming content and/or the customized {irst
programming content, a selection to include a subset of the
targeted first non-programming content and/or the custom-
1zed first programming content, and a selection to include all
of the targeted first non-programming content and/or the
customized first programming content within one or more
specified non-programming content locations.
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At 404B, the recerved first manifest request that com-

prises one or more parameters may be transmitted to the
stream selection service 142. In an embodiment, the PEM
115 of the DACIS 103 may be configured to transmit the
received first manifest request that comprlses the one or
more parameters to the stream selection service 142.
In an embodiment, based on the received first manifest
request, the stream selection service 142 may be configured
to select one or more live input streams and/or one or more
pre-encoded media assets based on the one or more param-
cters and additional parameters retrieved from the repository
of schedules, rights, and user preferences database 144.
Accordingly, the stream selection service 142 may be con-
figured to return universal resource locators and/or 1denti-
fiers that reference records for the selected one or more live
input streams and/or one or more pre-encoded media assets
to the PEM 115.

At 406B, the universal resource locators and/or identifiers
that reference records for the selected one or more live input
streams and/or one or more pre-encoded media assets based
on the one or more parameters and additional parameters
retrieved from the repository of schedules, rights, and user
preferences database 144 may be received. In an embodi-
ment, the PEM 115 of the DACIS 103 may be configured to
receive the umversal resource locators and/or 1dentifiers that
reference records for the selected one or more live mput
streams and/or one or more pre-encoded media assets based
on the one or more parameters and additional parameters
retrieved from the repository of schedules, rights, and user
preferences database 144.

At 408B, the received first manifest request may be
transmitted to the CPDS 107 based on the selected one or
more live mput streams and/or one or more pre-encoded
media assets. In an embodiment, the PEM 115 of the DACIS
103 may be configured to transmit the received first manifest
request to the CPDS 107 based on the selected one or more
live mput streams and/or one or more pre-encoded media
assets.

In an embodiment, based on the received request, the
CPDS 107 may be configured to retrieve indexed metadata,
for example, non-programming indicators, such as ad break
locations, graphical treatment indicators, such as overlay
markers/triggers, programming indictors, such as SCTE35
markers, content duration, and categories (such as, “basket-
ball”, “sports”, “Knicks”) to which the programming content
has been assigned.

At 410B, the indexed metadata may be received from the
CPDS 107. In an embodiment, the PEM 115 of the DACIS
103 may be configured to receive the indexed metadata from
the CPDS 107. Examples of the indexed metadata may
include, but are not limited to, non-programming indicators,
such as ad break locations, graphical treatment 1ndicators,
such as overlay markers/triggers, programming indictors,
such as SCTE35 markers and content duration, as described
above.

At 412B, one or more content placement opportunities
defined by the metadata associated with the one or more live
input streams and/or one or more pre-encoded media assets
may be identified. In an embodiment, the PEM 115 of the
DACIS 103 may be configured to 1dentify the one or more
content placement opportunities defined by the metadata
associated with the one or more live mput streams and/or
one or more pre-encoded media assets. Examples of the one
or more content placement opportunities may include, but
are not limited to, non-programming indicators, such as ad
break locations, graphical treatment indicators, such as
overlay markers/triggers, programming indictors, such as
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SCTE3S5 markers and personalized content opportunity. In
an embodiment, for the identified one or more content
placement opportunities, the PEM 115 of the DACIS 103
may be configured to determine additional content, such as
non-programming content (such as advertisements), person-
alized programming content (such as promotional content),
graphical treatment (such as overlays), and one or more
decision point locations.

At 442, a request may be transmitted to the CDS 105 to
determine a customized first programming content from the
CPDS 107 for matching one or more personalization param-
eters. In accordance with an embodiment, the PEM 115 of
the DACIS 103 may be configured to transmit a request to
the CDS 103 to determine the customized first programming,
content from the CPDS 107 for matching one or more
personalization parameters. Examples of the one or more
personalization parameters may include, but are not limited
to, user preferences and identifiers from the first manifest
request or retrieved from the repository of schedules, rights,
and user preferences database 144, and time constraints. The
time constraints may be determined based on user prefer-
ences retrieved from the repository of schedules, rights, and
user preferences database 144, a range defined in the first
manifest request, and schedule tolerances defined in the
repository of schedules, rights, and user preferences data-
base 144, client device preferences or identifiers from the
first manifest request or retrieved from the repository of
schedules, rights, and user preferences database 144, geo-
location information from the first manifest request or
retrieved from the repository of schedules, rights, and user
preferences database 144, and/or a content recommendation
engine.

At 444, the first programming schedule 111 may be
generated for the first client device based on the selected one
or more live mput streams and/or the one or more pre-
encoded media assets, the associated indexed metadata, and
the determined first additional content. In accordance with
an embodiment, the PEM 1135 of the DACIS 103 may be
configured to generate the first programming schedule 111
for the first client device, such as the client device 1324,
based on the selected one or more live mput streams and/or
the one or more pre-encoded media assets, the associated
indexed metadata, and the determined first additional con-
tent.

In accordance with an embodiment, the first additional
content scheduled to be inserted, may be inserted into, for
example, one or more pre-encoded assets 1n accordance with
appropriate markers. The appropriate markers may be
defined 1n the metadata of the one or more pre-encoded
assets, and rules and conditions defined 1n the repository of
schedule, rights, and user preferences database 144.

In accordance with an embodiment, the generated first
programming schedule 111 may define locations and types
of one or more decision points defined by the one or more
content placement opportunities 1n the indexed metadata.
Such one or more decision points may be included 1n the first
programming schedule 111. Within the first programming
schedule 111, the one or more decision points may define
personalized content preferences, skipping of personalized
content and moving to default content, and approval or
disapproval of the personalized content.

In an exemplary embodiment, the one or more pre-
encoded media assets are scheduled and the one or more
decision points, defined by the one or more content place-
ment opportunities, are inserted in the first programming,
schedule 111. In such exemplary embodiment, the first
programming schedule 111 may be configured to control the
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one or more pre-encoded media asset manifests to be
published as, for example, the first disparate live media
output stream manifest. Further, the first programming
schedule 111 may include, for example, segments, markers,
the one or more content placement opportunities, up to and
including next available decision point. Therealfter, control
passes to 426 in flowchart 400B and exemplary operations
t1ll 440 may be performed 1n similar manner as described
above.

Referring to FIG. 4D, there 1s 1llustrated a flowchart 400D
depicting a method for stream failover, in accordance with
an embodiment of the disclosure.

At 402C, a first manifest request may be received from a
first client device. In accordance with an embodiment, the
DACIS 103 may be configured to receive the first manifest
request from the first client device, such as a client device
132a, to begin or continue playback of a first disparate live
media output stream, for example the disparate live media
output stream 117a. The first manifest request may comprise
one or more parameters. Examples of the one or more
parameters may include, but are not limited to, universal
resource locators of existing one or more live input streams,
identifiers referencing records for existing one or more live
input streams or one or more pre-encoded media assets in the
CPDS 107, and a plurality of client-specific parameters.
Examples of the plurality of client-specific parameters may
include, but are not limited to, user preferences and 1denti-
fiers, client device preferences and identifiers, and one or
more rules governed by geolocation data and current posi-
tion of playback of a first disparate live media output stream,
such as the disparate live media output stream 117a, at the
first client device, such as the client device 132a.

At 404C, recerved first manifest request that comprises
one or more parameters may be transmitted to the stream
selection service 142. In accordance with an embodiment,
the PEM 115 of the DACIS 103 may be configured to
transmit the received first manifest request that comprises
the one or more parameters to the stream selection service
142.

At 454, 1t may be determined that a set of criteria
associated with the first disparate live media output stream
1s satisfied. In accordance with an embodiment, the stream
selection service 142 may be configured to determine 1i the
set of criteria associated with the first disparate live media
output stream 1s satisfied. The set of criteria may include an
accessibility of the first disparate live media output stream,
update of the first disparate live media output stream and/or
compatibility of the first disparate live media output stream
having media and/or a manifest with the first manifest
request. The stream selection service 142 may be further
configured to determine the one or more live mput streams
and/or one or more pre-encoded media assets based on the
one or more parameters in the first manifest request, and
additional parameters retrieved from the repository of sched-
ules, rights, and user preferences database 144. The stream
selection service 142 may be further configured to determine
the one or more live mput streams and/or one or more
pre-encoded media assets based on rules provided by a
stream owner/operator (such as a regional blackout for the
first client device leading to an alternative stream to watch)
and user preferences (that exclude certamn categories)
defined 1n the repository of schedules, rights, and user
preferences database 144.

In accordance with an embodiment, when the first dispa-
rate live media output stream 1s not accessible, the first
disparate live media output stream 1s not updated and/or the
first disparate live media output stream having media and/or
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manifest that 1s not compatible with the first manifest
request. Further, 1n an absence of one or more live iput
streams, the stream selection service 142 may be configured
to select a pre-encoded asset indicated 1n the first manifest
request to continue playback as the first disparate live media
output stream. In such embodiment, control passes to opera-
tion 456. Otherwise, control passes to operation 406A of the
flowchart 400A.

At 456, universal resource locators and/or identifiers that
reference records for the selected one or more live input
streams or alternate one or more pre-encoded media assets
based on the one or more parameters and additional param-
cters retrieved from the repository of schedules, rights, and
user preferences database 144 may be received. In accor-
dance with an embodiment, the PEM 115 of the DACIS 103
may be configured to receive the universal resource locators
and/or 1dentifiers that reference records for the selected one
or more live mput streams or alternate one or more pre-
encoded media assets based on the one or more parameters
and additional parameters retrieved from the repository of
schedules, rights, and user preferences database 144.

At 458, a recerved first manifest request may be trans-
mitted to the CPDS 107 based on the selected one or more
live mput streams or alternate one or more pre-encoded
media assets. In accordance with an embodiment, the PEM
115 of the DACIS 103 may be configured to transmit the
received first manifest request to the CPDS 107 based on the
selected one or more live input streams or alternate one or
more pre-encoded media assets.

At 460, alternate metadata for alternate additional content
may be received from the CPDS 107. In accordance with an
embodiment, the PEM 115 of the DACIS 103 may be
configured to receive the alternate metadata for the alternate
additional content from the CPDS 107. The metadata may
include, for example, Ad break locations, overlay markers/
triggers, SCTE35 markers/triggers, content duration, and
one or more decision points. The alternate metadata may
turther 1include a location to transition from the first addi-
tional content to the alternate additional content.

At 462, a placement of alternate additional content within
he first disparate live media output stream manifest may be
etermined based on the associated indexed metadata and
he alternate metadata. In accordance with an embodiment,
he PEM 15 of the DACIS 103 may be configured to
determine the placement of the alternate additional content
within the first disparate live media output stream manifest
based on the associated indexed metadata and the alternate
metadata.

At 464, an alternate programming schedule may be gen-
erated for the first client device based on the alternate
additional content and alternate metadata. In accordance
with an embodiment, the PEM 135 of the DACIS 103 may be
configured to generate the alternate programming schedule
for the first client device, such as the client device 1324,
based on the alternate additional content and alternate meta-
data.

At 466, a final disparate live output stream manifest may
be published for the first client device based on the generated
alternate programming schedule. In accordance with an
embodiment, the PEM 15 of the DACIS 103 may be
configured to publish the final disparate live output stream
manifest for the first client device, such as the client device
132a, based on the generated alternate programming sched-
ule.

In accordance with an embodiment, the final disparate
live output stream manifest for the first client device may be
generated based on one of the pre-defined conversion
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modes. The pre-defined conversion modes may correspond
to pre-encoded media assets to live stream mode, pre-
encoded media assets to live stream mode with scalable
architecture, a live stream to live stream mode, and a mixed
mode corresponding to switches between pre-encoded
media assets and live streams.

In accordance with an embodiment, during playout, the
first additional content may be transitioned to the alternate
additional content based on one or more transition param-
cters. The one or more transition parameters may comprise
one or more parameters irom the first manifest request,
current state of the first disparate live media output stream
manifest determined based on accessibility, regular update,
and suitable encoding, digital rights management, and com-
patibility with the first client device, rules provided by a
stream owner operator, and user preiferences defined 1n the
repository of schedules, rights, and user preferences data-
base 144.

As described above 1 FIGS. 4A and 4B, the published
final disparate live output stream manifest may be transmit-
ted to the media player of the first client device for playback
of the final disparate live media output stream. Accordingly,
the first client device begins or continues the playback of the
final disparate live media output stream.

In an alternate embodiment, at 454, the stream selection
service 142 may be configured to select a second disparate
live media output stream according to accessibility of the
first disparate live media output stream in case the set of
criteria associated with the first disparate live media output
stream 1s not satisfied. The stream selection service 142 may
be configured to select the second disparate live media
output stream according to rules provided by a stream
owner/operator and user preferences defined in the reposi-
tory of schedules, rights, and user preferences database 144.
The operations that follow may be performed 1n a similar
manner, as the operations for the first disparate live media
output stream are performed.

FIG. 5 15 a conceptual diagram 1illustrating an example of
a hardware implementation for a media packaging and
distribution system 102 employing a processing system for
publishing a disparate per-client live media output stream
based on dynamic insertion of targeted non-programming
content and customized programming content, and for pro-
viding a dynamic playout bufller for disparate live media
output stream, in accordance with exemplary embodiments
of the disclosure. Referring to FIG. 5, the hardware imple-
mentation shown by a representation 300 for the media
packaging and distribution system 102 employs a processing
system 302 for publishing a disparate per-client live media
output stream based on dynamic insertion of targeted non-
programming content and customized programming con-
tent, 1n accordance with an exemplary embodiment of the
disclosure, as described herein.

In some examples, the processing system 502 may com-
prise one or more hardware processors 504, a non-transitory
computer-readable medium 506, a bus 508, a bus interface
510, and a transceiver 512. FIG. 5§ further illustrates the
DACIS 103, the CDS 105, the CPDS 107, the stream
publishing engine 114, PEM 115, mdexing and storage
system 116, the stream selection service 142, and the reposi-
tory of schedules, rights, and user preferences database 144,
as described 1n detail in FIGS. 1A and 1B.

The hardware processor 504 may be configured to man-
age the bus 508 and general processing, including the
execution of a set of mstructions stored on the non-transitory
computer-readable medium 506. The set of instructions,
when executed by the processor 504, causes the media
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packaging and distribution system 102 to execute the vari-
ous functions described herein for any particular apparatus.
The hardware processor 504 may be implemented, based on
a number of processor technologies known in the art.
Examples of the hardware processor 304 may be a Reduced
Instruction Set Computing (RISC) processor, an Applica-
tion-Specific Integrated Circuit (ASIC) processor, a Com-
plex Instruction Set Computing (CISC) processor, and/or
other processors or control circuits.

The non-transitory computer-readable medium 506 may
be used for storing data that 1s manipulated by the processor
504 when executing the set of instructions. The data 1s stored
for short periods or in the presence of power. The non-
transitory computer-readable medium 506 may also be con-
figured to store data for one or more of the DACIS 103, the
CDS 105, the CPDS 107, the stream publishing engine 114
PEM 115, mdexmg and storage system 116, the stream
selection service 142, and the repository of schedules, rights,
and user preferences database 144.

The bus 508 1s configured to link together various circuits.
In this example, the media packaging and distribution sys-
tem 102 employing the processing system 302 and the
non-transitory computer-readable medium 506 may be
implemented with bus architecture, represented generally by
bus 508. The bus 508 may include any number of 1ntercon-
necting buses and bridges depending on the specific imple-
mentation of the media packaging and distribution system
102 and the overall design constraints. The bus interface 510
may be configured to provide an interface between the bus
508 and other circuits, such as, transceiver 512, and external
devices, such as source device 118, external data source 120,
and client devices 1324, . . ., 132x.

The transceirver 512 may be configured to provide a
communication of the media packaging and distribution
system 102 with various other apparatus, such as the Ad
decisioning servers 106q, . . ., 106#, the consumer devices
110aq, . . ., 110n, such as the client devices 132a, . . ., 132n,
the external data source 120, and the source dewce 118 via
the network 108. The transcerver 512 may communicate via
wireless communication with networks, such as the Internet,
the Intranet and/or a wireless network, such as a cellular
telephone network, a wireless local area network (WLAN)
and/or a metropolitan area network (MAN). The wireless
communication may use any of a plurality of communica-
tion standards, protocols and technologies, such as Global
System for Mobile Communications (GSM), Enhanced Data
GSM Environment (EDGE), Long Term Evolution (LTE),
wideband code division multiple access (W-CDMA), code
division multiple access (CDMA), time division multiple
access (1 DMA), Bluetooth, Wireless Fidelity (Wi-F1) (such
as IEEE 802.11a, IEEE 802.11b, IEEE 802.11g and/or IEEE
802.11n), voice over Internet Protocol (VoIP), and/or Wi-
MAX.

It should be recognized that, in some embodiments of the
disclosure, one or more components of FIG. 5 may include
soltware whose corresponding code may be executed by at
least one processor, for across multiple processing environ-
ments. For example, the DACIS 103, the CDS 105, the
CPDS 107, the stream publishing engine 114, PEM 115,
indexing and storage system 116, the stream selection ser-
vice 142, and the repository of schedules, rights, and user
preferences database 144 may include software that may be
executed across a single or multiple processing environ-
ments.

In an aspect of the disclosure, the processor 504, the
non-transitory computer-readable medium 506, or a combi-
nation of both may be configured or otherwise specially
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programmed to execute the operations or functionality of the
DACIS 103, the CDS 105, the CPDS 107, the stream
publishing engine 114, PEM 115, idexing and storage
system 116, the stream selection service 142, and the reposi-
tory of schedules, rights, and user preferences database 144,
or various other components described herein, as described
with respect to FIGS. 1A to 4D and FIGS. 6A and 6B.

FIGS. 6A and 6B collectively depict a tflowchart 1llustrat-
ing exemplary operations for providing a dynamic playout
bufler for a disparate live media output stream by the DACIS
103 of FIG. 1B, 1n accordance with an exemplary embodi-
ment of the disclosure.

At 602, a first programming schedule, such as the first
programming schedule 111, may be published that refer-
ences at least one or more pre-encoded media assets and/or
one or more live mput streams. In accordance with an
embodiment, the PEM 115 of the DACIS 103 may be
configured to publish the first programming schedule 111
that references at least one or more pre-encoded media
assets and/or one or more live iput streams. Thus, the PEM
115 of the DACIS 103 may publish the first programming,
schedule 111 referencing at least one live mput stream or a
pre-encoded asset as a source to be used in at least a first
disparate live media output stream. In accordance with an
embodiment, the one or more live mput streams may com-
prise pre-encoded media assets. In accordance with another
embodiment, the one or more live input streams may com-
prise singularly encoded live mput streams. Various media
container formats of the live input streams and/or pre-
encoded media assets may include, but are not limited to,
transport stream (TS), fragmented MP4 (iMP4), Common
Media Application Format (CMAF) and the like.

In accordance with an embodiment, the published first
programming schedule 111 may comprise one or more
playout builer features enabled via one or more constraints
and rights. Each playout bufler feature of the one or more
playout bufler features may be associated with a correspond-
ing number of media segments that represents the one or
more pre-encoded media assets and/or the one or more live
input streams. A playout bufler may correspond to a specific
number of media segments referenced 1n the first disparate
live media output stream manifest. The playout buller may
represent a maximum duration of time based on a target
duration per media segment.

In accordance with various embodiments, a first playout
bufler feature of the one or more playout buf_er features may
correspond to a minimum playout bufller size. The minimum
playout bufler size may indicate a mimmum number of
media segments that represents the one or more pre-encoded
media assets and/or the one or more live mput streams, as
defined in the first programming schedule 111. A second
playout bufler feature of the one or more playout bufler
features may correspond to a maximum playout butler size.
The maximum playout bufler size may indicate a maximum
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. A
third playout butler feature of the one or more playout bufler
features may correspond to a default playout builer size. The
default playout bufler size may indicate a pre-specified
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111.

At 604, a fourth playout bufler feature may be determined
based on a reference to the repository of schedules, rights,
and preferences database 144 or a third-party database by
the first programming schedule 111. In accordance with an
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embodiment, the PEM 115 of the DACIS 103 may be
configured to determine the fourth playout bufler feature
based on a reference to the repository of schedules, rights,
and preferences database 144 or a third-party database by
the first programming schedule 111.

In accordance with an embodiment, the fourth playout
butler feature of the one or more playout butler features may
correspond to an altered playout bufler size. The altered
playout buller size may indicate an altered number of media
segments that represents the one or more pre-encoded media
assets and/or the one or more live mput streams, as defined
in the first programming schedule 111.

At 606, a request may be received that comprises at least
a stream 1dentifier and at least an additional parameter. In
accordance with an embodiment, the stream publishing
engine 114 1n the DACIS 103 may be configured to receive
the request that comprises at least a stream 1dentifier and at
least an additional parameter. In accordance with an embodi-
ment, the request may be generated by a client device, for
example the first client device, such as client device 132a,
for the generation or retrieval of the first disparate media
output stream. In accordance with another embodiment, the
request may be generated by an automated service for the
generation or retrieval of the first disparate media output
stream. In accordance with another embodiment, the request
may be generated by the client device and the automated
service for the generation or retrieval of the first disparate
media output stream.

In accordance with an embodiment, the additional param-
cter may include a user 1dentifier and an altered live window
duration flag. The user identifier may correspond to a user
associated with a corresponding client device, such as the
client device 132a, at which the request 1s generated. The
user 1dentifier parameter may enable the stream publishing
engine 114 to publish unique-to-client first disparate media
output stream manifest leveraging the different indexes
created by the imndexing and storage system 116 from pro-
gramming content (such as, live mput streams and pre-
encoded media assets), and non-programming content (such
as advertisements) based on a defined per-client schedule,
such as the first programming schedule 111. The altered live
window duration flag may correspond to a marker that may
indicate that a permissible playout builer duration may be
retrieved from the repository of schedules, rights, and pret-
crences database 144 for the one or more media segments.

In accordance with another embodiment, the additional
parameter may include a desired live window duration. The
desired live window duration may correspond to a playout
bufler duration that may be specified by the user provided
that the desired live window duration does not exceed the
maximum playout bufler duration. In case the desired live
window duration exceeds the maximum playout bufler dura-
tion, the stream publishing engine 114 may set the playout
builer duration to the maximum playout bufler duration, as
defined 1n the first programming schedule 111.

At 608, the mmdexing and storage system 116 may be
queried based on the received request. In accordance with an
embodiment, the stream publishing engine 114 in the
DACIS 103 may be configured to query the indexing and
storage system 116 based on the received request. The query
may comprise the stream identifier of the first disparate
media output stream.

At 610, the first programming schedule 111, the manifest
data and the indexed metadata associated with the query
may be determined. In accordance with an embodiment, the
stream publishing engine 114 1 the DACIS 103 may be
configured to determine the first programming schedule 111,
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the manifest data and the indexed metadata associated with
the query from the indexing and storage system 116. The
indexing and storage system 116 may be configured to
retrieve the first programming schedule 111, the manifest
data and the indexed metadata associated with the query and
respond back to the stream publishing engine 114 in the
DACIS 103.

In accordance with an embodiment, the manifest data and

the 1ndexed metadata may correspond to the one or more
media segments associated with the stream 1dentifier to be
inserted to the first disparate live media output stream
manifest 1n accordance with the first programming schedule
111, the playout bufler feature from the one or more playout
bufler features, and at least the additional parameter.
In accordance with an embodiment, the indexing and
storage system 116 of the DACIS 103 may be configured to
record content of mamifest data that may correspond to the
one or more media segments associated with the stream
identifier. The one or more media segments may further
correspond to one or both of the one or more pre-encoded
media assets and/or the one or more live input streams,
including any variants defined in a master manifest. The
manifest data may correspond to one or both of an encoded
live mput stream and a pre-encoded media asset associated
with the stream i1dentifier. The manifest data may define at
least an associated media content, one or more programming
indicators (such as SCTE messages), timing metadata, one
or more media content identifiers, and one or more contex-
tual event identifiers. The timing metadata may correspond
to the playback position 1n the published first programming
schedule 111.

In accordance with an embodiment, the indexing and
storage system 116 of the DACIS 103 may be further
configured to process the manifest data to create the indexed
metadata. The indexed metadata may define one or more
program indicators (such as program start/end) and calcu-
lated durations, a program 1dentification (that correspond to
a programming content that 1s currently playing), non-
programming content indicators (such as Ad break start/end)
and calculated durations, a non-programming content 1den-
tification (that correspond to Ads that are currently playing),
and one or more event markers (such as blackout notifica-
tions).

In accordance with an embodiment, the indexing and
storage system 116 of the DACIS 103 may be further
configured to maintain the manifest data and the indexed
metadata to encompass a time-range speciiied 1 the pub-
lished first programming schedule 111. For example, the
indexing and storage system 116 may keep 24 hours of
indexed metadata despite the live mput stream being pub-
lished 1n 5 minute increments.

At 612, 1t may be validated that the one or more media
segments associated with the stream identifier are eligible
for a playout. In accordance with an embodiment, the stream
publishing engine 114 1n the DACIS 103 may be configured
to validate that the one or more media segments associated
with the stream identifier are eligible for the playout. In an
embodiment, the stream publishing engine 114 fails to
validate that the one or more media segments associated
with the stream 1dentifier are eligible for the playout and the
control passes to 614. In another embodiment, the stream
publishing engine 114 validates that the one or more media
segments associated with the stream identifier are eligible
tor the playout and the control passes to 616.

At 614, an error notification may be generated when the
one or more media segments associated with the stream
identifier are neligible for the playout. In accordance with




US 11,477,254 B2

39

an embodiment, the stream publishing engine 114 in the
DACIS 103 may be configured to generate the error notifi-
cation when the one or more media segments associated
with the stream 1dentifier are ineligible for the playout. For
example, 11 the one or more media segments are not eligible,
the stream publishing engine 114 may return an unauthor-
1zed error to the first client device, such as client device
132a.

At 616, 1t may be validated that the one or more media
segments associated with the stream identifier are eligible 1n
accordance with the fourth playout bufler feature enabled
via the one or more constraints and rights. In accordance
with an embodiment, the stream publishing engine 114 in the
DACIS 103 may be configured to validate that the one or
more media segments associated with the stream identifier
are eligible 1n accordance with the fourth playout builer
feature enabled via the one or more constraints and rights. In
an embodiment, the stream publishing engine 114 in the
DACIS 103 may fail to validate that the one or more media
segments associated with the stream identifier are eligible 1n
accordance with the fourth playout bufler feature enabled
via the one or more constraints and rights, and the control
passes to step 618. In another embodiment, the stream
publishing engine 114 in the DACIS 103 may validate that
the one or more media segments associated with the stream
identifier are eligible in accordance with the fourth playout
bufler feature enabled via the one or more constraints and
rights and the control passes to step 620.

At 618, a default playout bufller duration for the one or
more medla segments may be set when the one or more
media segments associated with the stream i1dentifier are
ineligible 1 accordance with the fourth playout bufler
feature. In accordance with an embodiment, the stream
publishing engine 114 1n the DACIS 103 may be configured
to set the default playout bufler duration for the one or more
media segments when the one or more media segments
associated with the stream 1dentifier are meligible 1n accor-
dance with the fourth playout buflfer feature. In such an
embodiment, the default playout bufler duration 1s defined 1n
the first programming schedule 111. Once the default play-
out builer duration 1s set, control passes to 636 for insertion
of the mamifest data and indexed metadata of one or more
media segments associated with the stream 1dentifier to the
first disparate live media output stream manifest 1n accor-
dance with the default playout bufler duration.

At 620, the additional parameter may be checked. In
accordance with an embodiment, the stream publishing
engine 114 1n the DACIS 103 may be configured to check
for the additional parameter. In an embodiment, when the
additional parameter comprises both of the user identifier
and the altered playout builer duration tlag, control passes to
622. In another embodiment, when the additional parameter
comprises desired playout bufler duration, control passes to
628. In another embodiment, when the additional parameter
comprises none of the desired playout bufler duration, and
the user 1dentifier and an altered playout bufler duration flag
as well, control passes to 634.

At 622, the repository of schedules, rights, and prefer-
ences database 144 may be queried based on the user
identifier when the one or more media segments associated
with the stream 1dentifier are eligible 1n accordance with the
fourth playout bufler feature and at least the additional
parameter comprises both of the user identifier and the
altered playout buller duration flag. In accordance with an
embodiment, based the stream publishing engine 114 in the
DACIS 103 may be configured to query the repository of
schedules, rights, and preferences database 144 based on the
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user identifier when the one or more media segments asso-
ciated with the stream i1dentifier are eligible 1n accordance
with the fourth playout bufler feature and at least the
additional parameter compmses both of the user i1dentifier
and the altered playout bufler duration flag. The repository
of schedules, rights, and preferences database 144 may be
configured to determine a permissible playout bufler dura-
tion associated with the user identifier and return the per-
missible playout bufler duration to the stream publishing
engine 114.

At 624, the permissible playout buller duration for the one
or more media segments may be received based on the
query. In accordance with an embodiment, the stream pub-
hshmg engine 114 in the DACIS 103 may be configured to
receive the permissible playout bufler duration from the
repository of schedules, rights, and preferences database 144
for the one or more media segments based on the query.

At 626, the playout bufler duration for the one or more
media segments based on the received permissible playout
bufler duration may be set. In accordance with an embodi-
ment, the stream publishing engine 114 in the DACIS 103
may be configured to set the playout bufler duration for the
one or more media segments based on the recerved permis-
sible playout bufler duration. In other words, 1f eligible for
the playout and the request includes both of the user i1den-
tifier and the altered playout buller duration tlag, the stream
publishing engine 114 may set the playout builer duration
according to the received permissible playout bufler dura-
tion. Control passes to 636 for imnsertion of the manifest data
and indexed metadata of one or more media segments
associated with the stream 1dentifier to the first disparate live
media output stream manifest in accordance with the playout
bufler duration according to the received permissible play-
out bufler duration.

At 628, the playout bufler duration for the one or more
media segments may be set based on the desired playout
bufler duration when the one or more media segments
associated with the stream 1dentifier are eligible in accor-
dance with the fourth playout bufler feature and at least the
additional parameter comprises a desired playout buller
duration for the one or more media segments associated with
the stream 1dentifier. In accordance with an embodiment, the
stream publishing engine 114 in the DACIS 103 may be
configured to set the playout bufler duration for the one or
more media segments based on the desired playout bufler
duration when the one or more media segments associated
with the stream 1dentifier are eligible 1n accordance with the
fourth playout bufler feature and at least the additional
parameter comprises a desired playout bufler duration for
the one or more media segments associated with the stream
identifier. In other words, 1f eligible and request includes the
desired live window duration, the stream publishing engine
114 may set the playout buller duration according to value
dictated by desired live window duration.

At 630, 1t may be checked if the desired playout butler
duration exceeds the maximum playout builer duration as
defined 1n the first programming schedule 111. In accor-
dance with an embodiment, the stream publishing engine
114 1n the DACIS 103 may be configured to check 1t the
desired playout bufler duration exceeds the maximum play-
out bufler duration as defined in the first programming
schedule 111. In an embodiment, when the desired playout
bufler duration exceeds the maximum playout bufler dura-
tion as defined in the first programming schedule 111,
control passes to 632. In another embodiment, when the
desired playout bufler duration does not exceed the maxi-
mum playout butler duration as defined in the first program-
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ming schedule 111, control passes to 636 for msertion of
manifest data and indexed metadata of one or more media
segments associated with the stream identifier to the first
disparate live media output stream manifest in accordance
with the playout bufler duration based on the desired playout
bufler duration.

At 632, playout buller duration for the one or more media
segments may be set in accordance with the second playout
bufler feature when the desired playout bufler duration
exceeds the maximum playout bufler duration as defined 1n
the first programming schedule 111. In accordance with an
embodiment, the stream publishing engine 114 1n the
DACIS 103 may be configured to set the playout buller
duration for the one or more media segments 1n accordance
with the second playout bufler feature when the desired
playout buller duration exceeds the maximum playout bufler
duration as defined 1n the first programming schedule 111.
Control passes to 636 for insertion ol manifest data and
indexed metadata of one or more media segments associated
with the stream identifier to the first disparate live media
output stream manifest 1n accordance with the second play-
out bufler feature.

At 634, the default playout buller duration may be set for
the one or more media segments as defined in the first
programming schedule 111 when the one or more media
segments associated with the stream identifier are eligible
tor the playout and the at least the additional parameter does
not comprise the altered playout builer duration flag or the
desired playout bufler duration. In accordance with an
embodiment, the stream publishing engine 114 1n the
DACIS 103 may be configured to set the default playout
bufler duration for the one or more media segments as
defined in the first programming schedule 111 when the one
or more media segments associated with the stream i1denti-
fier are eligible for the playout and the at least the additional
parameter does not comprise the altered playout bufler
duration flag or the desired playout bufler duration. In other
words, 11 eligible and request does not include the altered
live window duration flag or the desired live window
duration, the stream publishing engine 114 may use default
live window duration defined 1n the first programming
schedule 111. Control passes to 636 for insertion of manifest
data and indexed metadata of one or more media segments
associated with the stream 1dentifier to the first disparate live
media output stream manifest 1n accordance with the default
live window duration.

At 636, manifest data and indexed metadata of one or
more media segments associated with the stream i1dentifier
may be inserted to the first disparate live media output
stream manifest 1n accordance with the playout buller fea-
ture from the one or more playout buller features and at least
the additional parameter. In accordance with an embodi-
ment, the stream publishing engine 114 in the DACIS 103
may be configured to insert the manifest data and mdexed
metadata of one or more media segments associated with the
stream 1dentifier to the first disparate live media output
stream manifest in accordance with the playout builer fea-
ture from the one or more playout bufler features and at least
the additional parameter. As received from steps 618, 626,
630, 632, and 634, the playout bufler feature and the
additional parameter may correspond to different embodi-

ments 1n accordance with which the playout bufler duration
1s seft.

In accordance with one embodiment, the manifest data
and indexed metadata of one or more media segments
associated with the stream i1dentifier that may be 1nserted to
the first disparate live media output stream manifest in
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accordance with the default playout bufler duration for the
one or more media segments, as set 1n step 618.

In accordance with another embodiment, the manifest

data and 1indexed metadata of one or more media segments
associated with the stream 1dentifier that may be 1nserted to
the first disparate live media output stream manifest in
accordance with the playout builer duration for one or more
media segments based on received permissible playout
bufler duration, as set 1n step 626.
In accordance with another embodiment, the manifest
data and indexed metadata of one or more media segments
associated with the stream 1dentifier that may be 1nserted to
the first disparate live media output stream manifest in
accordance with the playout bufler duration for one or more
media segments based on desired playout builer duration, as
set 1n step 630.

In accordance with another embodiment, the manifest
data and indexed metadata of one or more media segments
associated with the stream 1dentifier that may be 1nserted to
the first disparate live media output stream manifest in
accordance with the playout builer duration for one or more
media segments 1n accordance with second playout bufler
feature, as set 1n step 632.

In accordance with another embodiment, the manifest
data and indexed metadata of one or more media segments
associated with the stream 1dentifier that may be inserted to
the first disparate live media output stream manifest in
accordance with the default playout builer duration for one
or more media segments as defined in first programming
schedule 111, as set 1n step 634.

At 636, a first disparate live media output stream may be
generated based on the insertion of the manifest data and
indexed metadata to the first disparate live media output
stream manifest. In accordance with an embodiment, the
stream publishing engine 114 in the DACIS 103 may be
configured to generate the first disparate live media output
stream based on the msertion of the manifest data and
indexed metadata to the first disparate live media output
stream manifest.

The stream publishing engine 114 may generate the first
disparate live media output stream manifest based on one of
a pre-defined conversion modes. The pre-defined conversion
modes may correspond to pre-encoded media assets to live
stream mode, pre-encoded media assets to live stream mode
with scalable architecture, a live stream to live stream mode,
and a mixed mode corresponding to switching between
pre-encoded media assets and live streams.

At 638, the generated first disparate live media output
stream may be played out. In accordance with an embodi-
ment, the stream publishing engine 114 in the DACIS 103
may be configured to playout the generated first disparate
live media output stream. In an embodiment, the {first
disparate live media output stream manifest continues the
insertion of the manifest data and indexed metadata of the
one or more media segments until a total number of the one
or more media segments reaches the desired playout buller
duration. In another embodiment, the first disparate live
media output stream manifest maintains the playout bufler
duration based on removal of the manifest data and imndexed
metadata of an oldest media segment for each insertion of
the manifest data and indexed metadata of a new media
segment when the desired playout buller duration 1s reached.

Various embodiments of the disclosure comprise the
media packaging and distribution system 102 that may be
configured to publish disparate live media output streams to
be viewed on a plurality of consumer devices (such as the
consumer devices 110q, . . ., 110r) based on user selection.
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The media packaging and distribution system 102 may
comprise, for example, the DACIS 103, the CDS 105, the

CPDS 107, the stream publishing engine 114, PEM 115,
indexing and storage system 116, the stream selection ser-
vice 142, and the repository of schedules, rights, and user
preferences database 144. In accordance with an embodi-
ment, one or more processors i the DACIS 103 may be
configured to receive a first manifest request, comprising
one or more parameters, from a first client device, such as
client device 132a. The one or more processors 1n the
DACIS 103 may be further configured to determine a {first
additional content comprising a customized {first program-
ming content and a targeted first non-programming content
tor the first client device based on the one or more param-
eters and associated indexed metadata retrieved based on the
one or more parameters. The one or more processors 1n the
DACIS 103 may be further configured to generate the first
programming schedule 111, for the first client device based
on selected one or more live mput stream and/or the one or
more pre-encoded media assets, the associated indexed
metadata, and the determined first additional content. The
one or more processors 1n the DACIS 103 may be further
configured to select one or more live input stream manifests
and/or one or more pre-encoded media asset manifests
published in the content delivery system 130 and associated
indexed metadata based on the one or more parameters. The
one or more processors in the DACIS 103 may be further
configured to publish a first disparate live media output
stream manifest for the first client device based on 1nsertion
of the selected one or more live mput stream manifests
and/or the one or more pre-encoded media asset manifests,
the associated indexed metadata, and the determined first
additional content in accordance with the first programming
schedule 111, generated for the first client device.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
index a plurality of media segments 1indicated by the one or
more pre-encoded media asset mamfests and the one or
more live mput stream manifests, the associated immdexed
metadata, the targeted first non-programming content, and
the customized first programming content based on the first
programming schedule 111 generated for the first client. In
accordance with an embodiment, the one or more processors
in the DACIS 103 may be further configured to insert the
first additional content at one or more content placement
opportunities indicated 1n the first disparate live media
output stream manifest based on the first programming
schedule 111 generated for the first client device. The one or
more content placement opportunities may be defined by the
metadata associated with the one or more live mput streams
corresponding to the one or more live input stream manifests
and/or one or more pre-encoded media assets corresponding
to the one or more pre-encoded media asset manifests. The
insertion of the targeted first non-programming content and
the customized first programming content in real time, the
associated indexed metadata and/or the one or more content
placement opportunities may include programming content
indicators, non-programming content indicators, graphical
treatment indicators, and interactive content indicators.

In accordance with an embodiment, the insertion of the
customized {first programming content, 1n an instance 1in
which the generated first disparate live media output stream
manifest corresponds to a disparate live media output
stream, a {irst set of processors 1n the DACIS 103 may be
turther configured to recerve umiversal resource locators
and/or 1dentifiers referencing records for the selected one or
more live input streams and/or the one or more pre-encoded
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media assets from the CPDS 107. The associated indexed
metadata and/or one or more content placement opportuni-
ties may 1include programming content indicators, non-
programming content indicators, graphical treatment indi-
cators, and 1nteractive content indicators. The programming
content indicators may comprise a plurality of categories for
the customized first programming content.

In accordance with an embodiment, the first set of pro-
cessors 1 the DACIS 103 may be further configured to
transmit a request to the CDS 105 for determining the
customized first programming content from a content pack-
age and distribution system for matching one or more
personalization parameters. The one or more personalization
parameters may include user preferences and identifiers
from the first manifest request or retrieved from the reposi-
tory of schedules, rights, and user preferences database 144,
and time constraints. The time constraints may be deter-
mined based on user preferences retrieved from the reposi-
tory of schedules, rights, and user preferences database 144,
a range defined in the first manifest request, and schedule
tolerances defined in the repository of schedules, rights, and
user preferences database 144, client device preferences or
identifiers from the first manifest request or retrieved from
the repository of schedules, rights, and user preferences
database 144, geolocation information from the first mani-
fest request or retrieved from the repository of schedules,
rights, and user preferences database 144, and/or a content
recommendation engine.

In accordance with an embodiment, the one or more
parameters may comprise umversal resource locators and/or
identifiers referencing records for one or more live mput
streams or one or more pre-encoded media assets 1n the
CPDS 107, a plurality of client-specific parameters, and a
plurality of client-specified attributes derived from a user
interaction with the first client device. The plurality of
client-specific parameters may comprise user preferences
and 1dentifiers, client device preferences and 1dentifiers, and
one or more rules governed by geolocation data and current
position of playback of a first disparate live media output
stream at the first client device. In accordance with an
embodiment, for the insertion of the targeted first non-
programming content, the plurality of client-specified attri-
butes may comprise the user interaction with interactive
content 1n the customized first programming content and the
targeted first non-programming content, and a preference for
a type and/or category of the targeted first non-programming
content and/or the customized first programming content.
The user mteraction with the interactive content comprises
a selection to exclude the targeted first non-programming
content and/or the customized first programming content, a
selection to include a subset of the targeted first non-
programming content and/or the customized first program-
ming content, and a selection to include all of the targeted
first non-programming content and/or the customized first
programming content within one or more specified non-
programming content locations. The targeted first non-pro-
gramming content may comprise personalized advertise-
ments including video advertisements, graphical treatment,
cue points, and the interactive content comprising a set of
interactive elements for the targeted first non-programming
content. The customized first programming content may
comprise personalized non-advertising content including
promotional content, a short-form content, and an alternate
additional content for replacement of at least a portion of a
first disparate live media output stream generated for the first
client.
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In accordance with an embodiment, the one or more
processors 1n the DACIS 103 may be further configured to
transmit the published first disparate live media output
stream manifest to a media player of the first client device
for a playback of a first disparate live media output stream.
The media player, during playback of the first disparate live
media output stream at the first client device, may present
one or more decision points defined by the interactive
content to 1nitiate a user interaction at the first client device.
At the one or more decision points, the user interaction may
correspond to one of a desired selection corresponding to the
user 1nteraction with one or more interactive elements, or a
default selection corresponding to non-interaction of a user
with the customized first programming content and/or the
targeted first non-programming content 1n the first disparate
live media output stream played back by the media player.
The desired selection or the default selection may be trans-
mitted to an external storage system that 1s the repository of
schedules, rights, and user preferences database 144. At the
one or more decision points, the one or more 1nteractive
clements may be configured to exclude the targeted first
non-programming content or the customized {irst program-
ming content and be replaced by default content, select
alternate customized first programming content, select a
subsequent second programming content, approve or disap-
prove selected customized f{first programming content,
exclude subsequent second non-programming content for a
remaining portion of the first disparate live media output
stream played back by the media player, select one or more
targeted first non-programming content of a specific cat-
cgory, or view some or all of the targeted first non-program-
ming content immediately to avoid some or all of the
targeted first non-programming content for the remaining
portion of the first disparate live media output stream played
back by the media player.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
modily a remaining portion of the first programming sched-
ule 111 that generates first disparate live media output
stream corresponding to the first manifest request generated
by the first client device based on the user interaction with
the interactive content. A first set of processors 1 the DACIS
103 may be configured to receive the first manifest request
from a second set of processors 1n the DACIS 103, select,
based on the recerved first manifest request, one or more live
input streams and/or one or more pre-encoded media assets
based on the one or more parameters and additional param-
eters retrieved from the repository of schedules, rights, and
user prelerences database 144, and transmit universal
resource locators and/or identifiers referencing records for
the selected one or more live mput streams and/or the one or
more pre-encoded media assets to the second set of proces-
sors 1n the DACIS 103.

In accordance with an embodiment, the second set of
processors 1n the DACIS 103 may be further configured to
retrieve the indexed metadata associated with the selected
one or more live input streams and/or the one or more
pre-encoded media assets from the CPDS 107. The associ-
ated imndexed metadata may define one or more content
placement opportunities within the selected one or more live
input streams and/or the one or more pre-encoded media
assets. The customized first programming content and the
targeted first non-programming content may be identified as
the first additional content to be scheduled at the one or more
content placement opportunities based on the one or more
parameters 1 the received first manifest request and the
associated indexed metadata, wherein the generated first
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programming schedule 111 excludes the first additional
content or includes the first additional content completely or
partially.

In accordance with an embodiment, a third set of proces-
sors 1n the DACIS 103 may be further configured to insert,
based on the generated first programming schedule 111, the
identified customized first programming content and the
targeted first non-programming content mto the first dispa-
rate live media output stream manifest in accordance with
the one or more content placement opportunities defined in
the associated indexed metadata and one or more rules and
conditions defined 1n the repository of schedules, rights, and
user prelerences database 144. The identification of the
targeted {irst non-programming content may be based on
execution ol a non-programming content service based on
rules and conditions defined 1n additional parameters of the
repository of schedules, rights, and user preferences data-
base 144, and the one or more parameters defined 1n the first
manifest request. The 1dentification of the customized first
programming content may be based on execution of the
CDS 105 based on the rules and conditions defined in the
additional parameters of the repository of schedules, rights,
and user preferences database 144. In accordance with an
embodiment, the first programming schedule 111 may define
locations and types of one or more decision points defined
by one or more content placement opportunities i the
indexed metadata. In an instance when one or more pre-
encoded media assets are being scheduled and the one or
more decision points defined by the one or more content
placement opportunities are to be inserted in the first pro-
gramming schedule 111, the first programming schedule 111
may be configured to control the one or more pre-encoded
media asset manifests to be published as the first disparate
live media output stream maniiest.

In accordance with an embodiment, a conversion of one
or more pre-encoded media assets into a first disparate live
media output stream facilitates one or more subsequent
modifications on the first disparate live media output stream.
The one or more subsequent modifications may correspond
to a user selection, a user preference, a change 1n the first
programming schedule 111, or a time or geolocation-based
rule.

In accordance with an embodiment, the first set of pro-
cessors 1n the DACIS 103 may be further configured to
transmit universal resource locators and/or i1dentifiers refer-
encing records for the selected one or more live mput
streams and/or the one or more pre-encoded media assets to
the second set of processors. In an absence of one or more
live 1nput streams, the first set of processors may be con-
figured to select a pre-encoded asset indicated in the first
manifest request to continue playback as the first disparate
live media output stream. The second set of processors may
be configured to select a second disparate live media output
stream according to accessibility of the first disparate live
media output stream. The first disparate live media output
stream 1s not updated and/or the first disparate live media
output stream has media and/or a manifest that 1s 1ncom-
patible with a client request. The second set of processors
may be further configured to select the second disparate live
media output stream according to rules provided by a stream
owner/operator and user preferences defined in the reposi-
tory of schedules, rights, and user preferences database 144.

In accordance with an embodiment, the one or more
processors 1in the DACIS 103 may be further configured to
transition from the first additional content to an alternate
additional content based on one or more transition param-
cters. The one or more transition parameters may comprise
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one or more parameters from the first manifest request,
current state of the first disparate live media output stream
manifest determined based on accessibility, regular update,
and suitable encoding, digital rights management, and com-
patibility with the first client device, rules provided by a
stream owner operator, and user preferences defined in the
repository of schedules, rights, and user preferences data-
base 144.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
retrieve alternate metadata for the alternate additional con-
tent from the CPDS 107. The alternate metadata may
indicate a location to transition from the first additional
content to the alternate additional content. The one or more
processors may be further configured to determine place-
ment of the alternate additional content within the first
disparate live media output stream manifest based on the
associated indexed metadata and the alternate metadata. The
one or more processors may be further configured to gen-
crate the alternate programming schedule 113, for the first
client device based on the alternate additional content and
the alternate metadata, and transmit the generated alternate
programming schedule to the first set of processors. The first
set of processors may be configured to generate a final
disparate live output stream manifest for the first client
device. In accordance with an embodiment, another conver-
sion of the first disparate live media output stream into the
one or more pre-encoded media assets facilitates download
of the one or more pre-encoded media assets at the first
client device and mitigates dependency on the system for
playback of remaiming portion. In accordance with an
embodiment, the one or more processors in the DACIS 103
may be further configured to receive a request from the first
client device, wherein the request comprises the one or more
parameters. The one or more processors in the DACIS 103
may be further configured to determine alternate additional
content for inclusion 1n the first disparate live media output
stream manifest or replacement of the first additional content
in the first disparate live media output stream manifest based
on the one or more parameters. The one or more processors
in the DACIS 103 may be further configured to modity the
first programming schedule 111 to generate an alternate
programming schedule for the first client device based on
the alternate additional content and associated metadata. The
one or more processors 1n the DACIS 103 may be further
configured to transmit the generated alternate programming
schedule to a second set of processors, wherein the second
set of processors 1s configured to generate a final disparate
live output stream mamifest for the first client device.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
revoke the first disparate live media output stream manifest
published for the first client device based on an i1dentifier
primitive associated with the first disparate live media
output stream of the first client device 1n an instance in
which a media player of the first client device 1s determined
to be a plagiarized media player. The first disparate live
media output stream may include at least one unique 1den-
tifier mserted by the one or more processors 1n the DACIS
103.

In accordance with various embodiments, the first dispa-
rate live media output stream manifest for the first client
device may be generated based on one of a pre-defined
conversion modes. The pre-defined conversion modes may
correspond to pre-encoded media assets to live stream mode,
pre-encoded media assets to live stream mode with scalable
architecture, a live stream to live stream mode, and a mixed

10

15

20

25

30

35

40

45

50

55

60

65

48

mode corresponding to switching between pre-encoded
media assets and live streams.

In accordance with an embodiment, one or more proces-
sors 1n the PEM 1135 may be configured to receive a first
manifest request, comprising one or more parameters, from
the first client device. Further, the received first manifest
request may be transmitted to a first set of processors 1n the
stream selection service 142, The first set of processors may
be configured to select, based on the received first manifest
request, one or more live input streams and/or one or more
pre-encoded media assets based on the one or more param-
cters and additional parameters retrieved from the repository
of schedules, rights, and user preferences database 144. The
one or more processors in the PEM 115 may be configured
to recerve unmiversal resource locators and/or identifiers
referencing records for the selected one or more live input
streams and/or the one or more pre-encoded media assets
from the first set of processors. The one or more processors
in the PEM 115 may be configured to retrieve indexed
metadata associated with the selected one or more live input
streams and/or the one or more pre-encoded media assets
from a content packaging and distribution system, wherein
the indexed metadata defines one or more content placement
opportunities within the selected one or more live mput
streams and/or the one or more pre-encoded media assets.
The one or more processors in the PEM 115 may be further
configured to 1dentily a customized first programming con-
tent and a targeted first non-programming content as a first
additional content to be scheduled 1n the one or more content
placement opportunities based on the one or more param-
cters 1n the received first manifest and the associated
indexed metadata. The one or more processors in the PEM
115 may be further configured to generate the first program-
ming schedule 111 for the first client device based on the
associlated indexed metadata, the first additional content and
the one or more live mput streams and/or one or more
pre-encoded media assets.

Various embodiments of the disclosure comprise one or
more processors 1 the media packaging and distribution
system 102 that may be configured to provide a dynamic
playout buller for disparate live media output stream to be
viewed on a plurality of consumer devices (such as the
consumer devices 110q, . . . , 110»). The media packaging
and distribution system 102 may comprise, for example, the
DACIS 103, the stream publishing engine 114, the PEM 115,
the indexing and storage system 116, and the repository of
schedules, rights, and user preferences database 144. The
one or more processors 1n the DACIS 103 may be configured
to publish the first programming schedule 111 that may
reference at least one or more pre-encoded media assets
and/or one or more live mput streams. The published first
programming schedule 111 may comprise one or more
playout bufler features enabled via one or more constraints
and rights. Fach playout bufler feature of the one or more
playout buller features may be associated with a correspond-
ing number of media segments that represents the one or
more pre-encoded media assets and/or the one or more live
input streams. The one or more processors in the DACIS 103
may be further configured to receive a request that com-
prises at least a stream 1dentifier and at least an additional
parameter. The one or more processors i the DACIS 103
may be further configured to insert manifest data and
indexed metadata of one or more media segments associated
with the stream identifier to a first disparate live media
output stream manifest 1n accordance with a playout buller
teature from the one or more playout buller features and at
least the additional parameter. The one or more processors 1n
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the DACIS 103 may be further configured to generate a first
disparate live media output stream based on the insertion of
the manifest data and indexed metadata to the first disparate
live media output stream manifest.

In accordance with various embodiments, a first playout
butler feature of the one or more playout butler features may
correspond to a minimum playout bufler size. The minimum
playout buller size may indicate a mimmum number of
media segments that represents the one or more pre-encoded
media assets and/or the one or more live mput streams, as
defined in the first programming schedule 111. A second
playout bufler feature of the one or more playout bufler
features may correspond to a maximum playout builer size.
The maximum playout bufler size may indicate a maximum
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. A
third playout bufler feature of the one or more playout bufler
features may correspond to a default playout butler size. The
default playout bufler size may indicate a pre-specified
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. A
fourth playout bufler feature of the one or more playout
bufler features may correspond to an altered playout bufler
s1ze. The altered playout bufler size may indicate an altered
number of media segments that represents the one or more
pre-encoded media assets and/or the one or more live input
streams, as defined 1n the first programming schedule 111. In
accordance with an embodiment, the one or more processors
in the DACIS 103 may be configured to determine the fourth
playout bufler feature based on a reference to a repository of
schedules, rights, and preferences database 144 or a third-
party database by the first programming schedule 111. The
request may be generated by at least one of a client device
or an automated service for the generation of the first
disparate media output stream.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
query the indexing and storage system 116 based on the
received request. The query may comprise the stream 1den-
tifier. In accordance with an embodiment, the one or more
processors 1n the DACIS 103 may be further configured to
determine the first programming schedule 111, the manifest
data and the indexed metadata associated with the query.
The manifest data and the indexed metadata may correspond
to the one or more media segments associated with the
stream 1dentifier to be inserted to the first disparate live
media output stream mamfest in accordance with the first
programming schedule 111, the playout bufler feature from
the one or more playout bufller features, and at least the
additional parameter.

In accordance with an embodiment, the one or more
processors 1n the DACIS 103 may be further configured to
validate that the one or more media segments associated
with the stream 1dentifier are eligible for a playout. Accord-
ingly, the one or more processors in the DACIS 103 may be
turther configured to generate an error notification when the
one or more media segments associated with the stream
identifier are neligible for the playout.

In accordance with an embodiment, the one or more
processors 1 the DACIS 103 may be further configured to
validate that the one or more media segments associated
with the stream 1dentifier are eligible 1n accordance with the
fourth playout butler feature enabled via the one or more
constraints and rights. In accordance with an embodiment,
the one or more processors 1n the DACIS 103 may be further
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configured to set a default playout bufler duration for the one
or more media segments when the one or more media
segments associated with the stream i1dentifier are ineligible
in accordance with the fourth playout bufler feature. The
default playout bufler duration may be defined 1n the first
programming schedule 111.

In accordance with an embodiment, when the one or more
media segments associated with the stream i1dentifier are
cligible 1n accordance with the fourth playout bufler feature
and at least the additional parameter comprises both of a user
identifier and an altered playout bufler duration tlag, the one
or more processors in the DACIS 103 may be further
configured to query the repository of schedules, rights, and
preferences database 144 based on the user identifier. In
accordance with an embodiment, the one or more processors
in the DACIS 103 may be further configured to receive a
permissible playout bufler duration for the one or more
media segments based on the query. In accordance with an
embodiment, the one or more processors in the DACIS 103
may be further configured to set a playout builer duration for
the one or more media segments based on the recerved
permissible playout builer duration.

In accordance with an embodiment, when the one or more
media segments associated with the stream identifier are
cligible 1n accordance with the fourth playout bufler feature
and at least the additional parameter comprises a desired
playout bufler duration for the one or more media segments
associated with the stream identifier, the one or more pro-
cessors 1n the DACIS 103 may be further configured to set
a playout buller duration for the one or more media seg-
ments based on the desired playout bufler duration. In
accordance with an embodiment, the one or more processors
in the DACIS 103 may be further configured to set the
playout buller duration for the one or more media segments
in accordance with the second playout buller feature when
the desired playout bufler duration exceeds a maximum
playout builer duration as defined 1n the first programming
schedule 111.

In accordance with an embodiment, the one or more
processors 1n the DACIS 103 may be further configured to
playout the generated first disparate live media output
stream. In an embodiment, the first disparate live media
output stream manifest may continue the insertion of the
manifest data and indexed metadata of the one or more
media segments until a total number of the one or more
media segments reaches the desired playout bufler duration.
In another embodiment, the first disparate live media output
stream manifest may maintain the playout buller duration
based on removal of the manifest data and indexed metadata
of an oldest media segment for each insertion of the manifest
data and indexed metadata of a new media segment when the
desired playout bufller duration 1s reached.

In accordance with an embodiment, when the one or more
media segments associated with the stream identifier are
cligible for the playout and the at least the additional
parameter does not comprise an altered playout bufler
duration flag or a desired playout builer duration, the one or
more processors 1n the DACIS 103 may be further config-
ured to set a default playout bufler duration for the one or
more media segments as defined 1n the first programming
schedule 111.

Various embodiments of the disclosure may provide a
computer-readable medium, such as the non-transitory com-
puter-readable medium 506, having stored thereon, com-
puter implemented instruction that when executed by the
processor 504 causes the media packaging and distribution
system 102 to execute operations for publishing a disparate
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per-client live media output stream based on dynamic inser-
tion of targeted non-programming content and customized
programming content. In accordance with an embodiment,
the processor 504 causes the media packaging and distribu-
tion system 102 to execute operations to receive a first
manifest request, comprising one or more parameters, from
a first client device, such as client device 132a. The pro-
cessor 504 causes the media packaging and distribution
system 102 to execute operations to determine a first addi-
tional content comprising a customized first programming,
content and a targeted first non-programming content for the
first client device based on the one or more parameters and
associated indexed metadata retrieved based on the one or
more parameters. The processor 304 causes the media
packaging and distribution system 102 to execute operations
to generate the first programming schedule 111, for the first
client device based on selected one or more live iput stream
and/or the one or more pre-encoded media assets, the
assoclated indexed metadata, and the determined first addi-
tional content. The processor 504 causes the media packag-
ing and distribution system 102 to execute operations to
select one or more live 1input stream manifests and/or one or
more pre-encoded media asset manifests published 1n the
content delivery system 130 and associated indexed meta-
data based on the one or more parameters. The processor 504
causes the media packaging and distribution system 102 to
execute operations to publish a first disparate live media
output stream manifest for the first client device based on
isertion of the selected one or more live input stream
manifests and/or the one or more pre-encoded media asset
manifests, the associated indexed metadata, and the deter-
mined {irst additional content in accordance with the first
programming schedule 111, generated for the first client
device.

Various embodiments of the disclosure may provide a
computer-readable medium, such as the non-transitory com-
puter-readable medium 506, having stored thereon, com-
puter implemented instruction that when executed by the
processor 304 causes the media packaging and distribution
system 102 to execute operations for publishing the first
programming schedule 111 that references at least one or
more pre-encoded media assets and/or one or more live
input streams. The published first programming schedule
111 may comprise one or more playout bufler features
enabled via one or more constraints and rights. Each playout
butler feature of the one or more playout butler features may
be associated with a corresponding number of media seg-
ments that represents the one or more pre-encoded media
assets and/or the one or more live mput streams. In accor-
dance with an embodiment, the processor 504 causes the
media packaging and distribution system 102 to execute
operations for receiving a request that comprises at least a
stream 1dentifier and at least an additional parameter. In
accordance with an embodiment, the processor 504 causes
the media packaging and distribution system 102 to execute
operations for inserting manifest data and indexed metadata
of one or more media segments associated with the stream
identifier to a first disparate live media output stream mani-
fest 1n accordance with a playout bufler feature from the one
or more playout bufler features and at least the additional
parameter. In accordance with an embodiment, the processor
504 causes the media packaging and distribution system 102
to execute operations for generating a first disparate live
media output stream based on the 1nsertion of the manifest
data and indexed metadata to the first disparate live media
output stream manifest.
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Existing systems for SSAI support live streaming and
make decisions to insert non-programming content in near
real-time. However, for On-Demand streaming, such deci-
sions to 1nsert non-programing content are made upiront.
Accordingly, amount of control the user can excerpt to
influence what non-programming content 1s shown may get
limited. Further, newer ad models are developing that rely
less on interruptive video advertising and more on contex-
tual based graphical treatment advertising within the pro-
gram content. To this extent, SSAI systems have been able
to circumvent ad blockers by requesting video ads on behalf
of the client device and stitching them into the disparate live
media output stream manifest. Typically, modern streaming,
protocols, that are implemented to support streaming of
various live content services 1n such SSAI systems, require
that a playout bufler for a live media output stream 1s definite
and unchanging, so that a media player at a client device can
suitably create rules, based on which media segments are
fetched, bufllered, and played out.

To address at least the above problems, 1n accordance
with the various embodiments of the present disclosure, the
DACIS 103 1n the media packaging and distribution system
102 may be configured to include not showing non-pro-
gramming content that the user elected to skip or rated
poorly 1n an earlier non-programming content break, or
could enable the user to skip all non-programming content
because the user interacted with an previous non-program-
ming content or made a purchase and the advertiser elected
to sponsor the remainder of the program.

The DACIS 103 may notified about graphical treatment
opportunities within the content, make the necessary ad calls
on behalf of the client device, and provide the client device
with the information needed to execute the overlays via a
secure out-of-band channel between the DACIS 103 and the
client device. In many cases, a channel already exists to
support passing the program indicators, such as start and end
information, to the client device and Video Player Ad-
Serving Interface (VPAID) ads that cannot be stitched.

DACIS 103 may also provide an opportunity to leverage
the 1:1 scale of traditional SSAI systems to support custom
content choices and not just targeted advertising. For
example, when a user selects to join a live stream, the CDS
105 coupled with the DACIS 103 may determine that,
instead of joining the live stream for the last few minutes of
a program, the user should 1nstead be shown content more
relevant to the next program. For example, showing a
personalized set of basketball highlights and ads to a user
who likely joimned the stream to watch the basketball game
that 1s coming on next.

Further, the DACIS 103 may be used to provide seamless
tallover between redundant streams for large events, thus
improving reliability. While some client devices support
primary and backup streams and are able to fail between
them, many client devices do not. In such cases, the client
device may attempt to join the alternative stream after
occurrence of an event, such as a device failure or crash. For
such clients, the DACIS 103 monitors both the primary and
backup stream, and 11 there 1s a failure, inserts the alternative
stream 1nto the output manifest. Thus, the media packaging
and distribution system 102 provides an enhanced, intelli-
gent, and personalized viewer experience with increased
appeal 1n order to retain and gain a wider audience.

The DACIS 103, the CDS 105, the CPDS 107, the stream
publishing engine 114, PEM 115, mdexing and storage
system 116, the stream selection service 142, and the reposi-
tory of schedules, rights, and user preferences database 144
in conjunction with each other, provide significant produc-
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tivity and efliciency improvements since the process of
generating disparate live media output streams with addi-
tional content 1s specific to each consumer device. The
disparate live media output streams are simplified as the
generated disparate live media output streams are indepen-
dent of a requirement to re-process, that 1s re-encode and
re-package, various live input streams for media distribution
to the plurality of consumer devices 1n real time or near-real
time. Thus, the network provider now may provide live
channel offerings 1n a cost-eflective manner.

Various components, as described above in FIG. 1B,
enable the media packaging and distribution system 102 to
leverage the modern streaming protocols, based on which
the media packaging and distribution system 102 generates
disparate live media output streams of the live broadcast
channels with additional content and one or more decision
points to mfluence the remaining disparate live media output
streams. The disparate live media output streams may be
generated based on insertion of live mput streams into a
generated disparate live media output stream using pre-
encoded media assets. In this regard, manifests from the live
input streams and the pre-encoded media assets may be
manipulated and produced for distribution of the disparate
live media output stream.

As the media content 1tself does not need to be processed
beyond the initial creation of the live mput streams and
pre-encoded media assets prepared for distribution, it 1s
extremely 1expensive to provide such disparate live media
output streams and alternate disparate live media output
stream (1n case of stream failover). It may be based solely on
the cost to manipulate the manifests, which provide the
instructions for the media players i the client devices
132a, . . ., 132»n to execute. The media packaging and
distribution system 102 may also support targeted ad inser-
tion and customized programming content insertion on a per
client basis and may further leverage the processing power
of the individual client devices 132a, . . ., 132# to insert
targeted channel graphics and graphical treatment advertise-
ments and promotions.

In accordance with the system and method for providing
a dynamic playout bufler for disparate live media output
stream, as proposed herein, upon the 1nitial request, the size
ol the playout butler (or the live window) may be requested
by the client device or specified by the first programming
schedule 111 and/or the repository of schedules, rights, and
user preferences database 144. The manifest data and the
indexed metadata of one or more media segments associated
with the stream 1dentifier may be determined for each unique
client device, based on a combination of business rules, a
playout builer feature and at least the additional parameter,
at the time of request. Accordingly, a first disparate live
media output stream 1s tailored resulting i a dynamic
playout butfer specific for that client device. Thus, the size
ol the playout builer (or the live window) 1s unique per the
client device, but potentially for the same published dispa-
rate live media output streams.

As utilized herein the terms “circuits” and “circuitry”
refer to physical electronic components (for example, hard-
ware) and any software and/or firmware (“code’) which may
configure the hardware, be executed by the hardware, and/or
otherwise be associated with the hardware. As used herein,
for example, a particular processor and memory may com-
prise a first “circuit” when executing {irst one or more lines
of code and may comprise a second “circuit” when execut-
ing second one or more lines of code. As utilized herein,
“and/or” means any one or more of the items in the list
joined by “and/or”. As an example, “x and/or y” means any
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element of the three-element set {(x), (v), (X, y)}. As another
example, “x, y, and/or z” means any element of the seven-
element set {(X), (v), (2), X, ¥), (X, 2), (v, 2), (X, V, 2)}. As
utilized herein, the term “exemplary” means serving as a
non-limiting example, mstance, or illustration. As utilized
herein, the terms “e.g.,” and “for example” set off lists of one
or more non-limiting examples, istances, or illustrations.
As utilized herein, circuitry 1s “operable” to perform a
function whenever the circuitry comprises the necessary
hardware and/or code (if any 1s necessary) to perform the
function, regardless of whether performance of the function
1s disabled, or not enabled, by some user-configurable set-
ting.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of embodiments of the disclosure. As used herein,
the singular forms “a”, “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘comprises”, “‘comprising’, “includes” and/or
“including”, when used herein, specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

Further, many embodiments are described i terms of
sequences ol actions to be performed by, for example,
clements of a computing device. It will be recognized that
various actions described herein can be performed by spe-
cific circuits (e.g., application specific integrated circuits
(ASICs)), by program 1nstructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequences of actions described herein can be consid-
ered to be embodied entirely within any non-transitory form
of computer readable storage medium having stored therein
a corresponding set of computer instructions that upon
execution would cause an associated processor to perform
the functionality described herein. Thus, the various aspects
of the disclosure may be embodied 1n a number of different
forms, which have been contemplated to be within the scope
of the claimed subject matter. In addition, for each of the
embodiments described herein, the corresponding form of
any such embodiments may be described herein as, for
example, “logic configured to” perform the described action.

Another embodiment of the disclosure may provide a
non-transitory machine and/or computer readable storage
and/or media, having stored thereon, a machine code and/or
a computer program having at least one code section execut-
able by a machine and/or a computer, thereby causing the
machine and/or computer to perform the steps as described
herein for publishing a disparate per-client live media output
stream based on dynamic insertion of targeted non-program-
ming content and customized programming content.

The present disclosure may also be embedded in a com-
puter program product, which comprises all the features
cnabling the implementation of the methods described
herein, and which when loaded 1n a computer system 1s able
to carry out these methods. Computer program in the present
context means any expression, in any language, code or
notation, either statically or dynamically defined, of a set of
instructions intended to cause a system having an informa-
tion processing capability to perform a particular function
either directly or after either or both of the following: a)
conversion to another language, code or notation; b) repro-
duction 1n a different material form.

Further, those of skill in the art will appreciate that the
various 1illustrative logical blocks, modules, circuits, algo-
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rithms, and/or steps described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, firmware, or combina-
tions thereof. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally 1n terms of their functionality. Whether such
functionality 1s i1mplemented as hardware or soltware
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
cach particular application, but such implementation deci-
sions should not be 1nterpreted as causing a departure from
the scope of the present disclosure.

The methods, sequences and/or algorithms described in
connection with the embodiments disclosed herein may be
embodied directly in firmware, hardware, in a solftware
module executed by a processor, or in a combination thereof.
A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, physical and/or virtual disk, a
removable disk, a CD-ROM, virtualized system or device
such as a virtual servers or container, or any other form of
storage medium known in the art. An exemplary storage
medium 1s communicatively coupled to the processor (in-
cluding logic/code executing 1n the processor) such that the
processor can read information from, and write information
to, the storage medium. In the alternative, the storage
medium may be integral to the processor.

While the present disclosure has been described with
reference to certain embodiments, 1t will be noted under-
stood by, for example, those skilled 1n the art that various
changes and modifications could be made and equivalents
may be substituted without departing from the scope of the
present disclosure as defined, for example, 1n the appended
claims. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
present disclosure without departing from 1ts scope. The
functions, steps and/or actions of the method claims 1n
accordance with the embodiments of the disclosure
described herein need not be performed m any particular
order. Furthermore, although elements of the disclosure may
be described or claimed 1n the singular, the plural 1s con-
templated unless limitation to the singular 1s explicitly
stated. Therefore, 1t 1s 1ntended that the present disclosure
not be limited to the particular embodiment disclosed, but
that the present disclosure will include all embodiments
falling within the scope of the appended claims.

What 1s claimed 1s:

1. A system, comprising:

one or more processors 1 a media packaging and distri-

bution system, wherein the one or more processors are
configured to:
publish a first programming schedule that references at
least one or more pre-encoded media assets and/or
one or more live input streams,
wherein the published first programming schedule
comprises one or more playout bufler features
ecnabled via one or more constraints and rights,
and
wherein each playout bufler feature of the one or
more playout buller features 1s associated with a
corresponding number of media segments that
represents the one or more pre-encoded media
assets and/or the one or more live mput streams;
receive a request that comprises at least a stream
identifier and at least an additional parameter;
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insert manifest data and indexed metadata of one or
more media segments associated with the stream
1dentifier to a first disparate live media output stream
manifest in accordance with a playout bufler feature
from the one or more playout bufler features and at
least the additional parameter; and

generate a first disparate live media output stream
based on the insertion of the manifest data and
indexed metadata to the first disparate live media
output stream manifest.

2. The system according to claim 1, wherein a first playout
bufler feature of the one or more playout buller features
corresponds to a minimum playout bufler size,

wherein the minimum playout bufler size indicates a

minimum number of media segments that represents
the one or more pre-encoded media assets and/or the
one or more live mput streams, as defined 1n the first
programming schedule,

wherein a second playout bufler feature of the one or more

playout buller features corresponds to a maximum
playout buller size,

wherein the maximum playout bufler size indicates a

maximum number of media segments that represents
the one or more pre-encoded media assets and/or the
one or more live mput streams, as defined 1n the first
programming schedule,

wherein a third playout builer feature of the one or more

playout buller features corresponds to a default playout
bufler size,

wherein the default playout bufler size indicates a pre-

specified number of media segments that represents the
one or more pre-encoded media assets and/or the one or
more live mput streams, as defined 1n the first program-
ming schedule,

wherein a fourth playout buller feature of the one or more

playout bufler features corresponds to an altered play-
out buffer size, and

wherein the altered playout buller size indicates an altered

number of media segments that represents the one or
more pre-encoded media assets and/or the one or more
live 1nput streams, as defined in the first programming,
schedule.

3. The system according to claim 2, wherein the one or
more processors are lurther configured to determine the
fourth playout bufler feature based on a reference to a
repository of schedules, rights, and preferences database or
a third-party database by the first programming schedule.

4. The system according to claim 1, wherein the request
1s generated by at least one of a client device or an automated
service for the generation of the first disparate live media
output stream.

5. The system according to claim 1, wherein the one or
more processors are further configured to query an indexing
and storage system based on the received request, and

wherein the query comprises the stream identifier.

6. The system according to claim 5, wherein the one or
more processors are further configured to determine the first
programming schedule, the manifest data and the mndexed
metadata associated with the query, and

wherein the manifest data and the indexed metadata

correspond to the one or more media segments asso-
ciated with the stream 1dentifier to be inserted to the
first disparate live media output stream manifest 1n
accordance with the first programming schedule, the
playout bufler feature from the one or more playout
bufler features, and at least the additional parameter.
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7. The system according to claim 1, wherein the one or
more processors are further configured to validate that the
one or more media segments associated with the stream
identifier are eligible for a playout.

8. The system according to claim 7, wherein the one or
more processors are further configured to generate an error
notification when the one or more media segments associ-
ated with the stream i1dentifier are ineligible for the playout.

9. The system according to claim 3, wherein the one or
more processors are further configured to validate that the
one or more media segments associated with the stream
identifier are eligible 1n accordance with the fourth playout
bufler feature enabled via the one or more constraints and
rights.

10. The system according to claim 9, wherein the one or
more processors are further configured to set a default
playout bufler duration for the one or more media segments
when the one or more media segments associated with the
stream 1dentifier are ineligible 1n accordance with the fourth
playout buller feature, and

wherein the default playout bufler duration i1s defined 1n

the first programming schedule.

11. The system according to claim 9, wherein, when the
one or more media segments associated with the stream
identifier are eligible 1n accordance with the fourth playout
bufler feature and at least the additional parameter com-
prises both of a user 1dentifier and an altered playout bufler
duration flag, the one or more processors are further con-
figured to query the repository of schedules, rights, and
preferences database based on the user 1dentifier.

12. The system according to claim 11, wherein the one or
more processors are further configured to receive a permis-
sible playout bufler duration for the one or more media
segments based on the query.

13. The system according to claim 12, wherein the one or
more processors are further configured to set a playout bufler
duration for the one or more media segments based on the
received permissible playout buller duration.

14. The system according to claim 9, wherein, when the
one or more media segments associated with the stream
identifier are eligible in accordance with the fourth playout
bufler feature and at least the additional parameter com-
prises a desired playout buller duration for the one or more
media segments associated with the stream identifier, the
one or more processors are further configured to set a
playout bufler duration for the one or more media segments
based on the desired playout builer duration.

15. The system according to claim 14, wherein the one or
more processors are further configured to set the playout
bufler duration for the one or more media segments in
accordance with the second playout bufler feature when the
desired playout bufler duration exceeds a maximum playout
butler duration as defined 1n the first programming schedule.

16. The system according to claim 14, wherein the one or
more processors are further configured to playout the gen-
crated first disparate live media output stream, and

wherein the first disparate live media output stream mani-

fest continues the insertion of the manifest data and
indexed metadata of the one or more media segments
until a total number of the one or more media segments
reaches the desired playout buller duration.

17. The system according to claim 14, wherein the one or
more processors are further configured to playout the gen-
erated first disparate live media output stream, and

wherein the first disparate live media output stream mani-

fest maintains the playout bufler duration based on
removal of the manifest data and indexed metadata of
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an oldest media segment for each insertion of the
manifest data and indexed metadata of a new media
segment when the desired playout bufler duration 1s
reached.

18. The system according to claim 7, wherein, when the
one or more media segments associated with the stream
identifier are eligible for the playout and the at least the
additional parameter does not comprise an altered playout
bufler duration tlag or a desired playout butter duration, the
one or more processors are further configured to set a default
playout bufler duration for the one or more media segments
as defined 1n the first programming schedule.

19. A method, comprising;

by one or more processors:

publishing a first programming schedule that references
at least one or more pre-encoded media assets and/or
one or more live 1nput streams,
wherein the published first programming schedule
comprises one or more playout bufller features
ecnabled via one or more constraints and rights,
and
wherein each playout bufler feature of the one or
more playout bufller features 1s associated with a
corresponding number of media segments that
represents the one or more pre-encoded media
assets and/or the one or more live mput streams;
receiving a request that comprises at least a stream
identifier and at least an additional parameter;
inserting manifest data and indexed metadata of one or
more media segments associated with the stream
1dentifier to a first disparate live media output stream
manifest 1n accordance with a playout bufler feature
from the one or more playout bufler features and at
least the additional parameter; and
generating a first disparate live media output stream
based on the insertion of the manifest data and
indexed metadata to the first disparate live media
output stream manifest.

20. The method according to claim 19, wherein a first
playout bufler feature of the one or more playout bufler
features corresponds to a mimmimum playout butfler size,

wherein the minimum playout bufiler size indicates a

minimum number of media segments that represents
the one or more pre-encoded media assets and/or the
one or more live mput streams, as defined 1n the first
programming schedule,

wherein a second playout buller feature of the one or more

playout bufler features corresponds to a maximum
playout buller size,

wherein the maximum playout bufler size indicates a

maximum number of media segments that represents
the one or more pre-encoded media assets and/or the
one or more live mput streams, as defined 1n the first
programming schedule,

wherein a third playout builer feature of the one or more

playout buller features corresponds to a default playout
buller size,

wherein the default playout bufler size indicates a pre-

specified number of media segments that represents the
one or more pre-encoded media assets and/or the one or
more live mput streams, as defined 1n the first program-
ming schedule,

wherein a fourth playout buller feature of the one or more

playout bufler features corresponds to an altered play-
out buffer size, and

wherein the altered playout buller size indicates an altered

number of media segments that represents the one or
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more pre-encoded media assets and/or the one or more
live 1nput streams, as defined in the first programming
schedule.

21. The method according to claim 20, further comprising,
determining, by the one or more processors, the fourth
playout builer feature based on a reference to a repository of
schedules, rights, and preferences database or a third-party
database by the first programming schedule.

22. The method according to claim 19, wherein the
request 1s generated by one of a client device or an auto-
mated service for the generation of the first disparate live
media output stream.

23. The method according to claim 19, further comprising
querying, by the one or more processors, an indexing and
storage method based on the received request, and

wherein the query comprises the stream identifier.

24. The method according to claim 23, further comprising
determining, by the one or more processors, the first pro-
gramming schedule, the manifest data and the indexed
metadata associated with the query, and

wherein the manifest data and the indexed metadata

correspond to the one or more media segments asso-
ciated with the stream i1dentifier to be inserted to the
first disparate live media output stream manifest 1n
accordance with the first programming schedule, the
playout bufler feature from the one or more playout
builer features, and at least the additional parameter.

25. The method according to claim 19, further comprising,
validating, by the one or more processors, that the one or
more media segments associated with the stream i1dentifier
are eligible for a playout.

26. The method according to claim 25, further comprising
generating, by the one or more processors, an error notifi-
cation when the one or more media segments associated
with the stream i1dentifier are ineligible for the playout.

277. The method according to claim 20, further comprising
validating, by the one or more processors, that the one or
more media segments associated with the stream i1dentifier
are eligible 1 accordance with the fourth playout bufler
feature enabled via the one or more constraints and rights.

28. The method according to claim 26, further comprising,
setting, by the one or more processors, a default playout
builer duration for the one or more media segments when the
one or more media segments associated with the stream
identifier are ineligible 1n accordance with a fourth playout
bufler feature, and

wherein the default playout bufler duration i1s defined 1n

the first programming schedule.

29. The method according to claim 26, further comprising
querying, by the one or more processors, a repository of
schedules, rights, and preferences database based on a user
identifier, when the one or more media segments associated
with the stream identifier are eligible 1n accordance with a
fourth playout bufler feature and at least the additional
parameter comprises both of the user identifier and an
altered playout bufler duration flag.

30. The method according to claim 29, further comprising,
receiving, by the one or more processors, a permissible
playout bufler duration for the one or more media segments
based on the query.

31. The method according to claim 30, further comprising
setting, by the one or more processors, a playout builer
duration for the one or more media segments based on the
received permissible playout buller duration.

32. The method according to claim 27, further comprising,
setting, by the one or more processors, a playout bufler
duration for the one or more media segments based on a

5

10

15

20

25

30

35

40

45

50

55

60

65

60

desired playout builer duration, when the one or more media
segments associated with the stream 1dentifier are eligible 1n
accordance with the fourth playout bufler feature and at least
the additional parameter comprises the desired playout bui-
fer duration for the one or more media segments associated
with the stream 1dentifier.

33. The method according to claim 32, further comprising
setting, by the one or more processors, the playout butler
duration for the one or more media segments in accordance
with the second playout bufler feature when the desired
playout buller duration exceeds a maximum playout bufler
duration as defined 1n the first programming schedule.
34. The method according to claim 32, further comprising,
playing out, by the one or more processors, the generated
first disparate live media output stream, and
wherein the first disparate live media output stream mani-
fest continues the insertion of the manifest data and
indexed metadata of the one or more media segments
until a total number of the one or more media segments
reaches the desired playout bufller duration.
35. The method according to claim 32, further comprising,
playing out, by the one or more processors, the generated
first disparate live media output stream, and
wherein the first disparate live media output stream mani-
fest maintains the playout bufler duration based on
removal of the manifest data and indexed metadata of
an oldest media segment for each insertion of the
manifest data and indexed metadata of a new media
segment when the desired playout bufler duration 1s
reached.
36. The method according to claim 25, further comprising,
setting, by the one or more processors, a default playout
bufler duration for the one or more media segments as
defined 1n the first programming schedule, when the one or
more media segments associated with the stream 1dentifier
are ¢ligible for the playout and the at least the additional
parameter does not comprise an altered playout bulfler
duration flag or a desired playout bufler duration.
37. A non-transitory computer-readable medium having
stored thereon, computer implemented instruction that when
executed by a processor 1n a computer, causes the computer
to execute operations, the operations comprising:
publishing a first programming schedule that references at
least one or more pre-encoded media assets and/or one
or more live input streams,
wherein the published first programming schedule
comprises one or more playout bufler features
enabled via one or more constraints and rights, and
wherein each playout bufler feature of the one or more
playout buller features 1s associated with a corre-
sponding number of media segments that represents
the one or more pre-encoded media assets and/or the
one or more live input streams;
recerving a request that comprises at least a stream
identifier and at least an additional parameter;

inserting manifest data and indexed metadata of one or
more media segments associated with the stream 1den-
tifier to a first disparate live media output stream
manifest 1n accordance with a playout bufler feature
from the one or more playout bufler features and at
least the additional parameter; and

generating a first disparate live media output stream based

on the insertion of the manifest data and indexed
metadata to the first disparate live media output stream
manifest.
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